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PREFACE 
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Much of the data for this research project was obtained through 
the kindness and close cooperation of Mr. Richard Myers, Climatologist 
for Nebraska, National Weather Service Office for State Climatology. 
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contributions as a computer programmer, Mr. Don Deal and Mr. Peter 
Osrunn for their cartographic assistance, and Mrs. Mildred Kohler for 
typing this report from the often illegible manuscript. We are es-
pecially indebted to Drs. Dean Rugg and Charles Sargent for their 
many valuable editorial criticisms. 
As the principal investigator, the senior author is alone re-
sponsible for the di rection of this project. The report contains 
sections prepared by all of the contributors, with final editing by 
the senior author. 
Merl in P. Lawson 
Assistant Professor 
Department of Geography 
University of Nebraska 
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ABSTRACT 
The purpose of this study was to measure the spatial and temporal 
dimensions of drought occurrence in Nebraska. Such interpretations 
were faci 1itated by the computer generation of 468 maps showing monthly 
values of drought in Nebraska, from 1931 through 1969. While it was 
found that the frequency of consecutive drought is least in the central 
portion of the state, the intensity of drought is greatest in this 
region. Maps of correspondence which relate the areal correlation be-
tween rural population density and precipitation also indicate high 
positive relationships for central Nebraska. Interpretation of tree 
ring growth values using moving t-test plots did not demonstrate the 
cyclical recurrence of drought. A short review was conducted as to the 
economic and climatic impact of irrigation on future droughts in 
Nebraska. KEY WORDS: Drought, Cycles of weather, Dendroclimatology, 
Great Plains, Correspondence mapping, Irrigation. 
INTRODUCTION 
Objectives of Research 
The agriculturally oriented economy of Nebraska is highly 
affected by precipitation fluctuations. The state has sustained 
four major droughts in the less than one hundred years that accurate 
meteorological records have been kept. Occurrence of prolonged 
periods of moisture deficiency is to be climatologically expected 
throughout the Great Plains and manifestations of such moisture 
anomalies vary spatially from one period of drought to the next. 
The intent of this study is to measure the spatial and temporal 
dimensions of drought occurrence in Nebraska. The objectives as 
stipulated by the research proposal are as follows: 
1. Study and select a definition of drought which would offer 
the most significant applications and correlations with meteorological 
variables and agricultural consequences. 
2. Using computer mapping techniques, map certain indices of 
drought by year, growing season, and month from 1931 to 1969 based 
on eight climatic divisions in Nebraska. 
3. Examine the chronological history of droughts for which 
records are available back to circa 1850, testing for temporal random-
ness. 
4. Study the spatial effect of droughts during the 1890 1s, teen IS, 
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1930's, and 1950's on rural population change in Nebraska by producing 
computer generated iso-correlation maps of the two factors. 
5. Contingent upon discovery of a non-random drought series, 
critically evaluate the possible significance of a relationship be-
tween double sunspot maximums and drought in Nebraska, assessing the 
probability of prediction. 
The authors wish to emphasize that this investigation does not 
attempt to determine meteorological causes of moisture deficiencies, 
economic parameters of stress, hydrological implications, or man's 
attitudes toward drought. It is hoped that a major contribution of 
this report will be the review of techniques utilized in the spatial 
and temporal analysis of meteorological droughts. 
Background -- General Description of Droughts on the Great Plains 
A brief summary of droughts on the Great Plains is given to 
familiarize the reader with the general background of the study. 
Drought of the 1890's 
The first drought of accurate meteorological record began 
generally in the Great Plains during 1893. This drought was 
statewide in Nebraska, but the areas most severely affected 
were the south-central and southwestern counties. In these 
hard-hit areas, thousands of farms were abandoned and later 
sold for back taxes. People were badly prepared for such a 
harsh drought and even in the wetter times of 1895 recovery 
was extremely slow. Many people left the plains never to 
return. However, others did return to rebuild and prepare 
for future droughts with the painful experience of climate ex-
tremes on the Great Plains burned into their memories. 
Before this drought disaster farmers of Nebraska depended 
on farming methods practiced in the humid east from which they 
came. They judged the agricultural value of the land they 
purchased simply on its superficial features, not on the nature 
of the soi 1, climate, or water supply. Some of the land 
should never have been plowed. Therefore, lessons of value 
were learned from this disastrous drought (Condra, 1944, 7-8). 
Immediately following the drought of the 1890 1 s, dry 
farming techniques increased throughout the Great Plains and 
were proclaimed the ultimate solution to drought problems. As 
a result, there was a renewed wave of settlement in this area 
during the early 1900 1 s. 
Chronic Droughts of the Teens 
The drought of 1893-1895 was follONed by a 34-year period 
of normal to near normal precipitation except for one excess-
ively wet year, 1915, and one rather dry year, 1910. Local 
drought conditions were experienced from 1910 to 1915 after 
which normality was the rule unti 1 1931. The most favorable 
decade in the United States from the beginning of weather 
records up to 1947 was from 1905-1915 (annual average rainfall 
- 30 inches) (Tannehill, 1947,31). 
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Drought of the 1930's 
After this wet spell during the early 1900's, chronic 
droughts began in 1931 culminating with the miserable "dust bowl" 
conditions of the 1930's. liThe desert seemed to be spreading into 
the Plains" (Tannehill, 1947,49). 
In 1930 a widespread drought began east of the Rockies which 
was to last for a decade. The "dustbowl" of the thirties and 
the "dusters", and "black blizzards" which characterized this 
time of crop fai lure were a part of the national rainfall de-
ficiency from 1930-1939. At its greatest extent, the "dustbowl" 
covered some 50 mi Ilion acres on the Great Plains. By 1939 it 
had shrunk to about 10 million acres, but another national de-
ficiency in rainfall in that year revived the dust storms. 
Greater rainfall in succeeding years finally brought the Plains 
back to a nearly normal climatological state (Tannehill, 1947, 
51). 
Oftentimes humid productive years created too much optimism 
concerning long-term economic possibilities from production in 
the fickle climate of the Great Plains. Droughty years were 
then particularly disastrous to farmers and settlers of the 
region who had been exploited by real estate agents, bankers, 
implement agents, and others. 
The Great Plains Committee reported in 1936 that an estimat-
ed 165,000 people or approximately 40,000 fami lies moved out of 
the Great Plains drought area since 1930. Thornthwaite estimat-
ed, however, that there were still about 59,000 people trying 
to make a living off the land (Hoyt, 1938, 30-31). 
In 1934 and 1936 the whole of the Great Plains was affected 
by drought and near desert climate conditions, forcing a massive 
emigration from the Great Plains similar to the one in the 
l890 1 s. In both of the drought periods cited here, a series of 
rainy years was followed by disastrous drought. Pressure to 
develop more farm land during these wet periods resulted in 
overpopulation-and overgrazing of the land. The droughts were 
simply the trigger mechanism for agricultural and economic 
fa i 1 u re fa 11 owed by out-m i g rat ion. I n each case the p reced i ng 
short period of wet climate was mistaken for the norm. The 
results were obviously calamitous, and these examples tend to 
point out very clearly that a semiarid climate like that of 
the Great Plains is subject to wide fluctuations. 
Drought of the 1950 l s 
Our nation has experienced sti 11 another extended period 
of drought since the 1930 l s in which the same types of detri-
mental effects were felt in critical areas. This period of 
the 1950 l s did not experience the wholesale disaster of the early 
l890 l s and mid-1930 1 s because the population was better prepared 
to combat drought. In the Southwest of the United States and in 
the southern Great Plains, this drought of the 1950 l s was one of 
the most severe on record. However, conditions in Nebraska were 
less severe than those experienced in the two previously mention-
ed drought periods. Sti 11 some people within the most affected 
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areas did suffer great financial loss and personal hardship. 
The below-normal precipitation totals from 1952-1957 caused 
critical water deficiencies in a major portion of the southern 
half of the nation. In late 1956 and early 1957 the drought 
conditions in the South and midcontinent area were so severe 
as to reach national emergency status. 
Because of increasing municipal and industrial demands 
on water, future drought conditions will affect many more 
activities. A severe drought today, therefore, has a more 
widespread impact potential upon our civilization. Such 
conditions may be also amplified by other causes of water 
shortage such as overdevelopment of water reserves, lack of 
storage and distribution facilities, improper design of distri-
bution faci lities, poor management of water supplies, poor 
watershed management, and increasing demands by a rapidly 
growing population and industrial complex. In fact, these 
conditions can cause water supply depletion even during humid 
climatic conditions (Nace and Pluhowski, 1965, 3-4; Palmer, 
1965, 3). 
DEFINITION OF DROUGHT 
Introduction 
"What is drought? In the United States drought brings to 
mind withering crops, parched fields, dusty roads, and failing 
water supplies. In its extremes in some other countries it 
means hunger, famine, starvation, human emaciation and death, 
skeletons of animals, and mass migration of peoples. Some-
times it has -led to war. 
"But we have no good defini tion of drought. We may say truth-
fully that we scarcely know a drought when we see one. We 
welcome the first clear day after a rainy spell. Rainless 
days continue for a time and we are pleased to have a long 
spell of such fine weather. It keeps on and we are a little 
worried. A few days more and we are really in trouble. 
The first rainless day in a spell of fine weather contributes 
as much to the drought as the last, but no one knows pre-
cisely how serious it will be until the last dry day is gone 
and the rains have come again. We ask if this was just a 
chance combination of dry days, or were we, even from the 
first, in the grip of some powerful force which might have 
been recognized?" (Tannehill, 1947, 15) 
Although generally understood by everyone, the term "drought" 
has proven as formidable to define as have its consequences. While 
there exist many definitions, most are based on the interests, ex-
periences, or functional interests of the various researchers of 
this enigmatic phenomenon. A review of the vast literature on the 
subject wi 11 reveal more diverse definitions sharing a common ground 
only in the manifested lack of available moisture. 
Beyond this simplistic view, droughts have been classified by 
their topical effect, e.g., meteorological, agricultural, economical, 
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or hydrological (Palmer, 1965; Thornthwaite, 1947; Rickard, 1966; 
van Bavel, 1953; Nace and Pluhowski, 1965). Therefore, it becomes 
impractical to develop a universally applicable "good definition of 
drough t. 11 
As stated in the objectives of this study, the authors sought 
a definitio~ of drought which would offer the most significant degree 
of application and yet correlate with meteorological variables and 
agricultural consequences. Thus, the organization of this section 
is based upon a selected list of meteorological definitions with 
emphasis on the quantitative parameterization of drought severity 
and frequency. 
Classification of Drought 
There are at least two general approaches to the meteoro-
logical definition of drought. The Classical Approach represents 
attempts to use parameters of various climatic elements as indi-
cators of moisture deficiency. Usually a single element--i.e.--
precipitation, evapotranspiration, soil moisture, or surface run-
off is studied in relation to vegetational or agricultural con-
ditions. Definitions of this type are not dependent upon sophisti-
cated empirical data which are normally unavailable for historical 
application. On the other hand, the Water Balance Approach involves 
uti lization of formulas to express the water budget of an area. An 
index is formulated as a function of both multiple variables and 
empirically derived constants to express the degree of aridity 
existing within the water budget of a region. 
Classical Approach 
Precipitation -- Absolute Departure 
In analyzing the climate of the Great Plains, Kincer 
(1937. 216) uti lizes an absolute value of precipitation to de-
fine drought conditions whereby precipitation must not exceed 
a minimum of 15 inches annually to permit conventional agri-
culture. However, since temperatures and evaporation vary in-
versely with latitude this minimum would be agriculturally 
more beneficial in North Dakota than Texas. Kincer (1937, 219) 
recogn i zes , 
III tis important to know the frequency of droughts 
or of years with harmfully deficient moisture. With 
less than 15 inches of rainfall in an individual year 
conditions are usually critical. lI 
With the great annual variability of precipitation from east 
to west on the plains, many western sections would experience 
frequent, yet climatically expected, drought for the region. 
Also neglected is the seasonal distribution of precipitation, 
important to its agricultural usefulness. This aspect is not 
overlooked by Cole in assessing droughts in Arkansas. He uses 
illS-day periods without measurable rainfall during the warmer 
months, May to September, inclusive, and .... 20-day periods 
without measurable precipitation during the remainder of the 
yearll (1933, 129). 
lWallen (1967) develops three approaches for defining arid 
and semiarid areas of the world: classical, index, and water balance. 
1 1 
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The British Rainfall Organization differentiates degrees of 
drought severity as follows: (Subrahmanyam, 1967, 16) 
(a) "An 'absolute drought' as a period of at least 
fifteen consecutive days, none of which has re-
ceived as much as 0.01 inch of rain; 
(b) a 'partial drought' as a period of at least twenty-
nine days during which the mean dai ly rainfall does 
not exceed 0.01 inch; and 
(c) a 'dry spell' as a period of fifteen consecutive 
days none of which has received as much as 0.04 
inch 0 f r a in. II 
In European Russia a period of only ten days is necessary 
to produce drought when only .2 inches of rainfall is experienced 
(Tannehill, 1947, 37). Yet, Blumenstock considers moisture de-
ficiencies within a 48 hour interval as sufficient to apply the 
term 'drought' (1942, 5). 
Precipitation -- Relative Departure 
To many, drought is a relative rather than absolute condition 
and thus should be defined as such. Hoyt, for example, contends 
that in either humid or semiarid climates serious drought situ-
ations result only when the annual precipitation is less than 
85 percent of that climatically expected. Admittedly, he explains 
that a limit such as 85 percent of the state's annual rainfall 
cannot be set for an arid state because of the tremendous vari-
ation of precipitation within the state itself. Annual precipi-
tation for the state is a convenient figure for analysis but 
one that must be interpreted with great care. State climatologists 
no longer keep official records of statewide annual precipitation 
averages for this reason. Consequently, Hoyt improved his method 
by computing the deficiency of precipitation (i.e., under 85 
percent) for the following three time periods: (1) storage 
period, December through April; (2) growing period, May through 
August; and (3) replenishment period, September through November 
(1938, 4). 
The temporal unit of measurement can also be represented 
by numerous years instead of only a few months. Baldwin (1957) 
compares the accumulated deficit for a five year period (1952-
1956) with the 30 year norm for stations in the United States. 
A technique to determine drought in Australia is to cate-
gorize decile increments from the average. Reasoning that rain-
fall amounts are not normally distributed, Gibbs and Maher 
(1967, 5) contend that rainfall occurrence should be depicted 
by decile frequency values of the distribution. Drought would 
prevai 1 when rainfall for a particular year falls within the 
first deci Ie range of the normal distribution. Despite the 
omission of other variables, this "crude index of drought" 
is useful for general analysis and does have a good corres-
pondence with the major drought periods of Australia (Gibbs 
and Mahe r, 1967, 16). 
These classical approaches are based on the fundamental 
study of a single climatic element - precipitation. Most re-
searchers have long recognized the particular significance of 
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numerous other weather elements (e.g., sunshine, wind, humidity), 
but the relationships between these variables and vegetation 
were only gradually developed (Wallen, 1967, 369). One student 
of Nebraska droughts, G.E. Condra, attempted to relate both 
precipitation and temperature as "main causal factors in 
drought" (1944, 5). Condra sequentially grouped yearly de-
parture of precipitation from the normal, either positive 
(wet) or negative (dry) to indicate periods of wet or dry 
conditions. He then related temperatures to the drought 
periods giving the greatest emphasis to the highest tempera-
tures. 
Precipitation -- Spatial Correlation 
A uniquely geographic approach to the assessment of drought 
has been developed by Maher (1966) using numerous long-period 
rainfall records (Subrahmanyam, 1967, 30). The spatial associa-
tion of precipitation, Maher reasons, can be cartographically 
demonstrated by computing correlation coefficients for rainfall 
at each station as it varies at surrounding stations which are 
depicted by isopleths of coefficients (isocorrelates). This 
statistical procedure faci litates the spatial expression of 
drought of differing severity. 
Soil Moisture 
Agricultural engineers at the University of Nebraska 
devised a method of defining drought by maintaining a running 
inventory of soi 1 moisture for Ladlno clover. By comparing records 
of soi 1 moisture with yields of clover, it was established that pro-
duction processes would not be reduced until more than four inches 
of water was evapotranspired from a thoroughly wetted soil. Upon 
exceeding this minimum amount, a "droughty period" would be 
initiated (Hurlburt, 1957, 15). However, the critical value, in 
this case four inches, varies with soil moisture storage capacity 
as weI I as root depth or length of growing season. On a single 
farm, potential or incipient drought conditions could conceivably 
vary with choice of crop, thus making its adoption difficult over 
an extensive area. 
In developing a method to evaluate drought incidence and 
hazard, van Bavel defends the use of "soil moisture conditions and 
resultant plant behavior, rather than (depending) on some direct 
interpretation of the rainfall record" (1953, 167). He does, how-
ever, concede to a precipitation time interval of 24 hours as a 
bas i s for a defi nit i on of "drough t I day, II a term referri ng to any 
day when yield is appreciably reduced because of soi 1 moisture 
stress. Again, it must be stressed that different species of plants 
have different toleration limits and that drought will vary accord-
ingly at the same location. 
Water Balance Approach 
The foregoing literature on defining droughts has reviewed various 
parameterization techniques involving certain cl imatic elements usually 
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applied in a singular context. Motivated by a desire to delineate 
climatic regions of varying degrees of aridity, researchers have also 
sought to empirically derive standard formulas for expressing the 
relationships between numerous drought causing factors. Initially 
quite simplistic in nature, such indices have evolved into elaborate 
procedures for computing the water budget of an area. 
Thornthwaite has received recognition as having introduced the 
first so-called water-balance approach when he developed a classifi-
cation of climate based on the indexed relationship of precipitation, 
evaporation, and temperature (Wallen, 1967, 371). The complexity of 
the ensuing index formulas developed by Thornthwaite (1948), Penman 
(1948), and Blaney and Criddle (1950) has restricted their utility 
except for idiographic, large scale problems (Subrahmanyam, 1967, 
33). Many times these indices are inaccurate when applied to climatic 
zones appreciably variant from the type in which the empirical formulas 
were developed. Wallen (1967) found that application of Thornthwaite's 
formulas produced annual values of potential evapotranspiration about 
30% too low in the Near East, resulting in overly optimistic water-
balance conditions. 
Palmer's Meteorological Drought Index 
The first objective of this report on drought in Nebraska is 
to choose a quantitative parameter capable of evaluating the 
various meteorological phenomena characterized by prolonged and 
abnormal moisture deficiencies. This climatic situation infers 
that drought severity varies temporally and spatially, and involves 
the measurement of the duration and magnitude of moisture de-
ficiency. These concepts are reflected in the formulation of a 
drought index developed by Wayne C. Palmer of the Office of 
Climatology, NOAA (1965). Palmer's goal was to establish an 
index which would permit time and space comparisons of meteoro-
logical moisture anomalies. Introducing his index, Palmer states, 
"The difference between the actual precipitation and 
the computed precipitation represents a fairly direct 
measure of the departure of the moisture aspect of 
the weather from normal. When these departures are 
properly weighted, the resulting index numbers 
appear to be of reasonably comparable local signi-
ficance both in space and time" (1965, 1). 
The variables of Palmer's formula for computation of his 
drought index include the following: moisture loss from sur-
face layer, available moisture stored in the surface layer at 
the start of the month, potential evapotranspiration for the 
month, precipitation for the month, loss from underlying 
levels, available moisture stored in the underlying levels at 
the start of the month, and the combined available capacity of 
both levels. His procedure takes into consideration moisture 
loss from two arbitrary soil layers; an undefined upper layer 
called surface soi 1 which is assumed to contain I inch of 
avai lable moisture at field capacity, and a lower layer of 
soi 1 roughly equivalent to the root zone. Evapotranspiration 
occurs in the surface layer and recharge to the underlying 
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soil layer cannot occur until the surface layer is brought 
to field capacity. The indices ultimately derived represent 
the degree of moisture anomaly as compared with the climati-
cally expected monthly moisture supply for a particular region. 
This ordinal measure of abnormal moisture deficiencies can re-
flect positive as well as negative departures thereby making the 
index quite representative of all degrees of wetness or dryness. 
The severity of moisture anomalies within each area of computation 
can be classified as follows: 
TABLE 
Palmer's Drought Index--Classes for Wet and Dry Periods 
Values 
~ 4.00 
3.00 to 3.99 
2.00 to 2.99 
1.00 to 1 .99 
.50 to .99 
.49 to -.49 
-.50 to -.99 
-1.00 to-l.99 
-2.00 to-2.99 
-3.00 to-3.99 
~ -4.00 
Class 
Extremely wet 
Very wet 
Moderately wet 
S 1 i gh t 1 y we t 
Incipient wet spell 
Near norma 1 
Incipient drought 
Mil d d rough t 
Moderate drought 
Seve re d rough t 
Extreme drought 
Selection of Method for Drought Classification 
The logical approach in selecting a method of drought classi-
fication is to formulate criteria which establish the most complete 
understanding of the phenomenon. Therefore, pertinent criteria 
to consider must be: (1) climatologically based, (2) quantitative, 
lMonthly indices, rather than weekly or daily values, are cal-
culated because of the availability of the monthly data plus the 
formidable magnitude of the required computations. 
(3) capable of incorporating many variables, and most important 
(4) applicable to the particular region of employment. The 
authors endorse Palmer's Meteorological Drought Index (Palmer, 
1965) with belief that it measures drought severity and duration 
most accurately of all the methods investigated. 
The above list of criteria are salient features of Palmer's 
Heteorological Drought Index which required verbal enforcement. 
Firstly, the Index has a climatological base in that the moisture 
index is directly a function of the "climatically appropriate 
moisture supply" at a given point on the earth's surface (1965,3). 
Related to this, the quantitative aspect of the index provides a 
relative measure of regional moisture anomalies. This allows the 
numerical designation of extreme drought in eastern Nebraska to 
be equated with extreme drought of western Nebraska in the sense 
that it means extreme drought for that particular climatological 
norm. Thirdly, this method incorporates multiple variables that 
are operative in the climatic environment and are therefore re-
lated to drought conditions. The earlier described methods of the 
Classical Approach incorporated only one or two variables. The 
use of water balance parameters allows a greater analytical study 
of droughts (Subrahmanyam, 1967, 11). 
Finally, Nebraska's cl imate is particularly well sui ted 
for this procedure since it was specifically designed by Palmer 
as a measure of drought in semiarid and dry subhumid climates. 
19 
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Since monthly index values by climatic division in Nebraska 
do not exist prior to January, 1931, the spatial analysis of 
drought severity is restricted to only two major periods of 
moisture stress in the state's history. A temporal analysis 
of drought reviewed in a later section of this report, by 
necessity, wi II have to adopt different parameters. 
SPATIAL DESCRIPTION OF DROUGHT 
Introduction 
Many droughts which have parched the land in Nebraska will never 
be forgotten by those experiencing this disruptive hardship. These 
droughts inherently possessed variability in location, duration, and 
intensity. One objective of this study, therefore, is to understand 
the temporal and spatial characteristics of drought elucidated by 
means of basic description. 
Data. The raw data uti lized are Palmer1s Meteorological Drought 
Indices which were computed on a monthly basis by W. C. Palmer for all 
eight precipitation districts of Nebraska from 1931 to 1969 (State 
Climatology Office). Each district is represented by one average 
index value per month with a total accumulation of 468 consecutive 
months. Monthly data are organized and presented in the following 
th ree forms: 
1. A tabular output of index values for each district (Tables I I 
through IX). These Tables display the monthly index values, 12-month 
yearly averages, and 39-year monthly averages; 
2. Computer maps depicting the spatial distribution of monthly index 
values (drought or wet) by precipitation districts throughout the 
state on Maps 1 through 39. These maps have the exact index value 
printed in the central portion of the district and are represented by 
a pattern (legend) coincident with Palmer1s index; 
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3. A graphic portrayal of monthly index values for each district 
(Graphs I - 3). These contain plots of index values based on a time 
scale in months to indicate a time series of dry and wet periods. All 
primary references in this section pertain to, or were derived from, 
these tables, maps, and curves. Constant reference to these three forms 
is strongly recommended when studying this section on "Description of 
D rough t. " 
DISTRICT 2501 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC MN. S.D. -1 
0) 
e;;-
~ 
1931 -0.31 0.01 0.56 -0.66 -1.30 -2.48 -3.27 -3.22 -3.48 -3.07 -2.66 -2.05 -1.83 1. 37 (1) 
1932 -1.91 -1.88 -1.51 -0.94 -1.53 -2.00 -2.12 -1.94 -2.59 -1.97 -2.27 -2.15 -1.90 0.40 
1933 -2.38 -2.49 -2.39 1.17 1. 75 -1.36 -1.87 1.62 -0.25 -1.00 -1.42 0.24 -0.70 1. 51 
1934 0.23 0.55 -0,59 -1.58 -3.19 -3.54 -4.33 -4.58 -4.42 -4.58 -4.56 -4.31 -2.91 1.92 
1935 -4.22 -4.12 -3.76 1. 75 3.12 3.16 3.21 -0.54 -0.76 -1.19 -1.21 -1.27 -0.49 2.65 
1936 -1.11 -0.81 -1.14 -1.04 -2.24 -2.83 -4.07 -4.77 -4.85 -4.63 -3.86 -3.37 -2.89 1. 51 
1937 -2.98 -2.91 -2.42 -2.96 -3.43 -3.52 -4.02 -4.71 -4.75 -4.33 -3.98 -3.38 -3.62 0.72 
1938 -3.16 -3.04 -2.86 0.69 1.20 0.86 1.36 0.96 2.02 1.02 1.23 1.03 0.11 1.83 
" 0) 1939 1.61 1.91 -0.25 -0.95 -1.76 -2.04 -2.82 -2.87 -3.34 -3.00 -3.33 -3.16 -1.67 1. 79 
1940 -2.62 -2.35 -2.48 -1.69 -2.85 -3.81 -4.43 -4.89 -4.51 3 -4.11 -0.03 0.14 -2.80 1.60 (1) , 
1941 -0.11 -0.19 0.24 0.66 -0.94 0.92 1.12 1.17 1. 73 2.24 1. 70 1.92 0.87 0.93 -V1 
1942 1.47 1. 58 1.41 2.81 4.95 5.21 5.53 5.08 5.14 5.72 5.35 -0.12 3.68 2.00 ~ 1943 -0.19 -0.45 0.36 0.10 0.25 0.06 0.44 -0.86 -1.47 -0.99 -1.36 -1.49 -0.47 0.71 (1) 
rt 
1944 0.84 l.23 l.62 l.64 1.41 1.53 2.95 2.96 2.20 1.60 2.46 2.42 1.90 0.65 ro 0 
1945 2.31 2.41 2.17 2.24 1.98 3.16 3.46 4.97 5.47 -0.35 -0.70 -0.46 2.22 1.89 , 0 
1946 -0.60 -0.69 -0.79 -1.86 -0.79 -0.89 -1.41 -1.56 0.79 1.86 2.02 -0.12 -0.34 1.21 Cl -
-'0 
1947 -0.09 -0.29 -0.63 -0.70 0.27 3.47 3.84 3.60 3.30 3.06 3.67 3.50 1.92 1.89 VllQ 
rt -. 
1948 3.00 2.84 2.80 1.86 1.34 l.61 1. 73 1.90 1. 79 1.83 2.11 2.11 2.08 0.51 ' (") 
-'0) 
1949 3.52 2.92 3.19 2.54 3.03 3.40 3.60 3.77 3.44 3.67 -0.72 -0.91 2.62 1.57 (") -rt 
1950 -0.87 -1.04 -0.98 -1.22 -1.11 -2.06 0.60 0.93 2.04 -0.61 -0.56 -0.84 -0.48 1.07 Cl N, 
1951 -0.96 -1.00 -1.21 0.09 -0.18 1.19 2.09 2.41 4.19 4.76 4.06 4.05 1.62 2.17 '(g g 
1952 3.47 3.40 3.50 2.91 3.30 -0.04 -0.44 -0.36 -0.88 -1.11 0.57 0.39 1.23 1.83 -1.0 :7 
1953 0.28 0.96 0.19 0.95 0.25 0.37 0.89 1.22 -0.85 -0.74 -0.49 -0.41 0.22 0.68 rt 
1954 -0.77 -1. 34 -0.62 -1.57 -1.58 -2.04 -2.49 -2.20 -2.34 -2.19 -2.38 -2.37 -1.82 0.62 ~ 
1955 -2.08 -1.59 -1. 71 -2.18 -1.53 -1.06 -1.55 -1.55 -0.85 -1.32 -0.89 -0.79 -1.42 0.44 Cl.. (1) 
1956 -0.79 -0.92 -1.65 -1. 70 -2.13 -3.13 -3.33 -3.30 -3.92 -4.31 -3.12 -2.99 -2.61 1.10 x 
1957 -2,94 -3.09 -2.88 0.53 2.49 2.81 4.11 4.53 3.95 4.38 3.90 3.15 1. 74 2.91 < 0) 
1958 2.47 2.56 2.72 3.08 2.13 2.68 4.23 4.19 -0.20 -0.63 -0.80 0.35 1.90 1. 70 c: 
1959 0.28 0.20 0.89 -0.57 -0.09 -0.04 -0.55 -1.21 0.90 1.27 -0.23 -0.63 0.02 0.70 (l) VI 
1960 -0.49 -0.22 -0.48 -0.79 -0.54 -1.10 -1.95 -1.88 -2.35 -2.36 -2.22 -1. 77 -1.35 0.79 
1961 -2.06 -2.06 0.29 0.14 1.45 0.60 1.46 0.72 1.49 -0.23 -0.18 -0.41 0.10 1.16 
1962 -0.56 -0.39 -0.66 -1. 72 0.84 2.38 3.49 3.38 -0.63 -0.40 -0.76 -0.84 0.34 1.69 
1963 -0.30 -0.48 -0.51 -1.11 -1.56 -1. 71 -2.10 -1. 76 -0.79 -0.77 -1.21 -1.32 -1.13 0.55 
1964 -1.64 -1.59 -1. 74 -1.10 -1.60 -1. 74 -2.42 -3.24 -3.54 -3.81 -3.84 -3.67 -2.49 1.00 
1965 -3.28 -2.95 -3.14 -3.81 0.26 1. 73 2.68 2.27 3.70 3.87 -0.47 -0.20 0.05 2.71 
1966 -0.14 -0.10 -0.66 -0.58 -2.01 0.04 0.18 1.15 1.49 1.59 -0.32 -0.55 0.01 0.97 
1967 -0.79 -loll -1.93 -2.04 0.70 2.64 3.21 3.00 -0.20 -0.52 -0.54 0.54 0.25 1. 75 
1968 -0.23 -0.31 -1.03 0.04 0.57 0.48 0.56 2.76 -0.50 -0.51 -0.61 -0.52 0.06 0.95 N w 
1969 -0,38 -0.39 -0.63 -1.45 -1. 75 -1.41 -1.09 -1.64 -2.38 1. 77 1.52 1.16 -0.56 1. 31 
MEAN -1.54 -1.44 -1.56 -0.75 -0.07 0.13 0.54 0.46 -0.52 -0.84 -1.34 -1.59 
S.D. 1.84 1.81 l. 76 l.67 1.95 2.28 2.78 2.91 2.85 2.71 2.32 1.95 
DISTRICT 2502 r-; 
.l:" 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC MN. S.D. --l III 
CT 
~ 
1931 -0.02 -0.06 0.64 -0.60 -1.22 -2.07 -2.28 -2.43 -2.70 -2.77 -2.18 -1.62 -1.44 1.12 ro 
1932 -1.44 -1.26 -1.23 -1.23 -1.27 -0.82 -0.80 -0.64 -1.01 -0.62 -1.07 -1.22 -1.05 0.26 
1933 -1.47 -1. 73 -1.28 -1.17 -0.94 -2.53 -2.58 -1.25 -1.53 -2.12 -2.37 -2.03 -1. 75 0.54 
1934 -2.06 -1.93 -1.93 -3.06 -4.39 -4.87 -6.00 -6.36 -4.92 -5.01 -4.91 -4.53 -4.16 1.48 
1935 -4.35 -4.07 -4.63 1.52 2.57 2.80 2.75 -0.35 -0.93 -1.34 0.15 0.07 -0.48 2.60 
1936 0.43 0.92 -0.18 -0.09 -0.02 -0.80 -2.15 -3.19 -3.76 -3.83 -3.54 -3.15 -1.61 1. 74 
1937 -2.64 -2.87 -2.99 -3.22 -3.61 -3.82 -3.98 -4.44 -4.28 -3.66 -3.59 -3.46 -3.55 0.53 
1938 -3.43 -3.29 -3.18 -2.14 -1.07 -1.51 -1.07 -1.45 -1.17 -1.93 -1.83 -2.06 -2.01 0.82 -0 III 
1939 -1.79 -1.56 -1.64' -2.18 -2.50 -2.50 -2.94 -2.97 -3.67 -3.33 -3.69 -3.46 -2.69 0.74 ~ 1940 -3.24 -3.21 -2.90 -2.42 -3.56 -3.91 -4.68 -5.10 -5.50 -5.10 0.29 0.72 -3.22 1.91 , 
1941 0.80 0.60 0.46 0.93 -0.74 -0.48 -0.30 -0.71 1.15 1. 74 1.26 1.36 0.51 0.82 -I.n 
1942 0.92 1.22 1.62 1.97 3.14 3.50 3.32 2.93 3.42 -0.44 -0.67 -0.94 1.67 1.59 ~ 
1943 -1.04 -1.42 -1.47 -1. 73 -2.21 -1.84 -2.15 -2.16 -2.34 -1.85 -2.00 -2.25 -1.87 0.38 ro rt 
1944 0.90 1.06 0.86 1.27 1.61 2.32 3.17 3.55 2.83 2.32 2.83 2.48 2.10 0.89 ro 0 
1945 2.28 2.17 1.39 1.36 1.08 1.88 2.04 2.70 2.92 -0.59 -0.90 -0.55 1.31 1.26 ., 0 
1946 -0.83 -1.05 -0.71 -1.90 -1.30 -1.96 -2.17 -2.10 1.46 4.11 4.51 4.08 0.18 2.52 o ~ 
-'0 
1947 4.01 3.60 3.35 3.56 3.21 5.61 5.28 -0.60 -0.61 -0.98 1.05 0.96 2.37 2.22 I.n..a rt -. 
1948 -0.24 -0.31 -0.60 -1.28 -2.22 0.53 0.67 0.66 0.54 0.24 0.45 0.93 -0.05 0.90 ' n _. QJ
1949 2.05 1.54 3.23 2.97 3.29 2.93 3.10 3.27 3.18 3.74 3.08 2.82 2.93 0.56 n ~ rt 
1950 2.51 2.42 2.67 2.33 2.37 1. 78 2.93 4.19 5.08 4.62 4.10 3.49 3.21 1.01 0 N, 
1951 2.95 2.80 2.57 2.78 3.74 5.07 6.08 7.67 8.57 8.62 7.96 8.19 5.58 2.42 VlO oc 
1952 7.92 7.75 7.60 6.88 6.90 -0.93 -1.32 -1.07 -1.90 -2.31 0.30 0.27 2.51 4.21 NIO ::r 
1953 0.23 1.09 0.70 1.92 1.82 1.56 2.25 -0.12 -0.98 -1.02 -0.86 -0.35 0.52 1.15 rt 
1954 -0.73 -1.30 -0.83 -1.22 -1.56 -0.85 -1.71 -1.38 -1.19 -0.92 -1.36 -1.56 -1.22 0.31 :::J 
1955 -1.69 -1.30 -1.92 -3.12 -3.29 -2.98 -4.03 -5.06 -4.40 -4.59 -4.30 -3.66 -3.36 1.16 0.. ro 
1956 -3.41 -3.40 -3.98 -3.88 -4.62 -5.21 -5.41 -4.68 -5.20 -4.79 -3.99 -3.89 -4.37 0.67 >< 
1957 -3.83 -4.02 -3.71 0.33 1.78 1.88 2.90 3.23 3.42 3.98 4.00 3.41 1.11 3.03 < III 
-2.93 3.18 3.18 3.77 3.41 3.26 5.50 5.10 -0.55 -0.79 2.75 2.11 1958 4.64 -0.63 c 
-0.79 -0.73 -0.75 -1.17 -1.17 -1.20 -1.32 -1.31 0.07 1.06 1.13 0.78 -0.45 0.91 ro 1959 I.n 
1960 0.86 1.39 1.51 2.02 2.81 2.78 2.76 2.94 -0.11 -0.56 -0.50 -0.57 1.28 1.36 
1961 -0.94 -1.11 -0.89 -1.23 0.58 0.02 0.27 0.05 0.85 -0.23 -0.38 -0.48 -0.29 0.64 
1962 -0.78 -0.35 -0.19 -1.02 1.37 3.28 5.47 5.57 5.27 0.01 -0.52 -0.46 1.47 2.54 
1963 -0.09 -0.33 -0.36 -0.74 -1.46 -1. 31 0.40 1.07 1.61 -0.64 -0.87 -1.06 -0.31 0.90 
1964 -1.37 -1.44 -1.45 -0.99 -1.53 -1.00 -0.69 -0.81 -0.57 -1.20 -1.44 -1.36 -1.15 0.32 
1965 -1.39 -1.53 -2.08 -2.70 0.14 0.84 1.10 0.96 3.04 2.92 2.32 2.48 0.51 1.94 
1966 2.35 0.0 -0.37 -0.38 -1.50 0.27 0.12 1.24 1.55 -0.34 -0.66 -0.54 0.14 1.03 
1967 -0.56 -0.91 -1.83 -2.62 -2.43 -0.88 -0.74 -0.96 -0.77 -0.96 -1.09 -0.99 -1.23 0.65 
1968 -1.10 -1.38 -2.54 0.56 0.64 -0.28 -0.67 0.91 0.44 0.75 0.60 1.18 -0.07 1.08 
1969 1.30 1.57 -0.34 -1.26 -2.30 -2.30 -1.62 -1.92 -2.12 1.29 0.94 0.86 -0.49 1.52 
MEAN -0.57 -0.77 -1.18 -0.60 -0.37 -0.31 0.13 -0.42 0.03 -1.36 -0.70 -0.57 
DISTRICT 2503 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC MN • S.D. -l OJ 
u 
1931 -0.34 -1.00 -1.43 -1.93 -2.25 -3.09 -3.78 
-4.18 -3.81 -3.60 1.02 1.68 
~ 
-1.89 1.86 CD 1932 2.36 2.26 2.07 1.40 1.45 1.64 1.47 2.00 1.99 1.98 -0.29 -0.25 1.51 0.85 1933 -0.49 -0.76 1.04 -0.25 
-0.84 -2.44 -1.90 -1. 72 
-1.72 -2.19 -2.51 -1.85 < -1.30 1.01 
1934 -2.04 -2.29 -2.36 -3.13 -4.54 -4.37 -5.05 
-5.51 -4.50 -4.46 -3.88 -3.72 -3.82 1.09 
1935 -3.78 -3.62 -4.30 -3.26 -2.32 -2.09 -2.50 -1.88 -2.21 -2.16 -1.90 -1.86 -2.66 0.81 
1936 -1.22 -0.65 -1.12 -1.48 -1.94 -3.00 -4.75 -5.37 -4.88 -4.96 -5.04 -4.65 -3.25 1. 78 
1937 -4.01 -4.27 -3.85 -3.60 -3.67 -3.79 -3.96 -4.01 -3.96 -3.03 -3.13 -3.30 -3.71 0.37 
1938 -3.22 -2.92 -3.39 -3.26 -2.70 -3.14 -2.14 -2.85 -1.50 -2.05 -1.89 -2.13 -2.60 0.60 -0 
1939 
-1.96 -1.41 -1. 73 -2.03 -2.67 -3.05 -3.62 -3.59 -4.39 -4.50 -4.86 
OJ 
-4.66 -3.21 1.19 
1940 -4.53 -4,50 -4.02 -3.16 -3,68 -2.31 -2,45 -2,19 -3,01 0,26 0,63 0.97 3 -2,33 1.87 CD , 
1941 1.31 1.16 0,66 1.50 -0.55 -0.13 -0.25 -0,94 1.08 1.41 1.19 1.20 0,64 0.82 -l/l 
1942 0,84 1.20 1. 78 0.91 0.94 1.42 1.33 1.14 2.18 -0.16 -0.45 -0.44 0.89 0.80 
1943 -0.61 -0.67 -0.91 -1. 34 -1.55 -1.18 -1.07 -1.53 -2.12 OA8 
~ 
-1.66 -1.69 -2.09 -1. 37 CD 
rt 
1944 0.22 0.23 0.20 1.57 2.32 3.07 3.50 4.58 4.22 3,71 3.65 3,33 2,55 1.54 CD 
1945 3.11 3,27 2,92 3,07 3,79 4,33 4,73 4.41 4,27 1.95 
0 
-0.59 -0,83 -0,16 2,69 , 0 
1946 -0,37 -0.49 -0,39 -1.13 -0,35 -0.48 -0.95 0.09 0.96 2.32 3.37 3.10 0,47 1.52 0-
-. 0 
1947 3,36 3,20 2,96 3,31 3,28 4.40 -0.22 -1,26 -1,24 0,18 0,78 0,95 1.64 1.91 l/l\Q 
rt -. 
1948 0,54 0.83 -0.19 -0.76 -1.53 0,40 0.59 0.93 0.43 0.55 1.22 1.56 0.38 0.82 , (") 
1949 0.42 
-. OJ 
2.58 2.25 3.08 2,53 2.56 2.28 2.38 2.35 2.91 2.79 1.89 1.44 2.42 (") -rt 
1950 1.24 1.19 1.05 0.72 1.08 1.18 2.93 3.73 3.26 3.16 3.00 2.60 2,09 1.05 0 N, 
1951 2.24 2,60 3.66 4.49 4.56 4.50 5.04 6.68 6.96 7.10 6.62 6.48 5.08 1.63 VlO oc 
1952 6,35 6.24 6,33 5.78 5.91 4.72 4.84 5.52 4,49 3.52 3,01 2.79 4.96 1.23 W\Q ~ 
1953 2.65 2.73 2.24 3.11 3.01 -0.18 -0.21 -0.46 -0.86 -1.40 0.13 0.66 0.95 1.60 rt 
1954 0.17 0.35 0.48 0.56 0.78 1.19 -0.34 -0.17 -0.39 0.75 -0.53 -0.92 0.16 0.61 ::J 
1955 -1.19 -1.25 -1.65 -2.33 -3.00 -2.29 -2.71 -3.63 -3,68 -3,85 -4,01 -3.74 -2.78 0,99 c.. CD 
1956 -3,72 -4.02 -4,71 -4.51 -4.68 -4,95 -4,97 -4,99 -5,52 -5.42 -5,11 -5,09 -4.81 0.50 x 
1957 -5,18 -5.48 -5.19 -5.08 0,05 0.48 0.71 0.32 1.36 2.09 2,42 2,05 -0.95 3,11 < OJ 
1958 1.88 2,43 2.36 3,03 2,19 1.32 3,29 3.00 -0,60 -1.22 -1.28 -1.61 1.23 1. 79 -c 
1959 -1,80 -1.91 0,61 0,51 2.14 1.46 1.21 1.58 1.32 1.98 2,16 2.18 0,95 1.37 CD l/l 
1960 2,56 2,54 2.98 3,08 3.92 4.30 4.00 4.43 3.96 3.34 2.87 2.36 3.36 0.70 
1961 1.81 1.55 1.47 1.09 1.26 0.78 0.92 0.90 1.31 1.13 0.94 0.98 1.18 0,30 
1962 0.56 1.13 1.55 1.14 1.50 2.03 3.26 3.28 3.37 -0.11 -0.50 -0.47 1.39 1.34 
1963 -0.34 -0.51 -0,69 -0.90 -1. 39 0.25 0.89 1.35 1.19 -0.69 -1.15 -1.39 -0.28 0.93 
1964 -1.65 -1.33 -1. 74 0,59 0,20 0.67 0.71 1.52 2.08 -0.44 -0.78 -0.71 -0,11 1.23 
1965 -0.88 -0.65 -0,79 -0,97 1.02 1.18 1.94 2.17 4,99 4.40 3,91 3.80 1.68 2.12 
1966 3.56 3.91 3.68 3,08 2.22 2,51 2.59 3,32 3.26 3,01 -0,37 -0.30 2,54 1.37 
1967 -0.44 -0.84 -1.71 -2.03 -1.96 2.79 -0.19 -0.32 -0.56 -0.34 -0.80 -0,78 -0,60 1.19 
1968 -1.03 -1.56 -2,49 -2,13 -2,54 -2,63 -2,83 -2.66 0,17 1.97 1.68 2.48 -0.96 1.92 N Vl 
1969 2,57 3.20 3.05 2.13 1.71 2.24 2.68 2.86 2.49 3.49 2.94 3.02 2.70 0.48 
MEAN 0.09 0,14 0.13 0.03 0.31 0.84 0.43 0.74 1.11 0.53 0.20 0.29 
S.D. 2.50 2.58 2.66 2.60 2.63 2.65 2.84 3.14 3.10 2.88 2.68 2.60 
DISTRICT 2505 
N 
JAN FEB MAR APR MAY JUN Jut AUG SEP OCT NOV DEC MN S.D. 0" 
-I 
01 
c-
1931 -0.09 0.29 1.35 -0.10 -0.31 -0.94 -0.98 -1.28 -1.36 -1.35 0.97 0.91 -0.24 0.92 -CD 
1932 1.49 1. 55 1.41 0.90 0.72 1.22 1.96 2.06 1.74 1.80 -0.34 -0.35 1.18 0.78 c:: 
1933 -0.71 -0.96 0.36 1.05 1.14 -1.26 0.19 0.48 0.53 -0.67 -1.06 0.91 0.00 0.84 
1934 -0.27 -0.06 -0.63 -1.50 -3.48 -4.71 -5.94 -6.05 -5.04 -4.78 -4.03 -3.54 -3.34 2.09 
1935 -3.58 -3.41 -3.92 0.06 1.84 1.90 1.12 2.16 1.72 1.39 1.60 1.14 0.17 2.26 
1936 1.42 1.64 -0.56 -0.77 -0.60 -1.42 -2.64 -3.22 -3.66 -3.82 -3.96 -3.50 -1.76 1.92 
1937 -2.95 -3.02 -2.60 -3.01 -3.24 -2.69 -2.99 -3.32 -3.13 -2.40 -2.50 -2.68 -2.88 0.28 
1938 -2.79 -2.72 -2.95 -2.81 -2.05 -2.34 -2.15 -2.79 -2.77 -3.39 -3.27 -3.39 -2.78 0.42 "tI 
1939 -3.18 -3.07 -3.29 -3.50 -3.87 -3.39 -4.30 -4.58 -5.42 -5.54 -5.63 -5.01 -4.23 0.94 01 
1940 -4.65 -4.45 -4.30 -4.34 -5.35 -5.75 -6.10 -6.64 -7.03 -6.18 -5.53 -4.67 -5.42 0.90 i5 
1941 -3.97 -3.72 -3.75 -2.87 -3.05 -2.56 -2.53 -3.26 1.13 1.18 0.71 0.62 -1.84 1.99 .., 
-
1942 0.23 0.37 0.65 0.41 0.36 1.82 1.39 1.70 3.59 -0.16 -0.33 -0.18 0.82 1.08 III 
1943 -0.34 -0.59 -0.70 -0.45 -1.16 0.26 0.79 -0.43 -0.47 -0.61 -0.86 -1.23 -0.48 0.53 :x CD 
1944 0.52 0.40 0.52 2.67 2.66 2.41 2.77 2.73 -0.44 -0.45 0.42 -0.23 1.16 1.30 r1' CD 
1945 -0.14 -0.33 -1.04 0.11 0.65 1.45 1.63 1.92 2.30 -0.43 -0.75 -0.41 0.41 1.09 0 .., 
1946 -0.63 -0.96 -0.92 -2.11 -1.82 -2.36 -2.60 -2.63 1.51 4.47 5.25 4.77 0.16 2.91 0, c-
1947 4.75 4.38 4.19 4.49 3.92 5.89 5.97 5.19 ~.-, 3.58 4.05 4.01 4.58 0.72 -'0 III 10 
1948 3.57 3.51 3.11 1.76 0.95 1.51 1.93 2.20 1.31 0.82 1.46 1.60 1.98 0.90 r1' -. .., n 
1949 1.70 1.25 2.21 1.87 2.07 2.93 2.91 2.98 3.27 3.14 2.37 1.96 2.39 0.62 -'01 n -
1950 1.71 1.70 1.61 1.29 1.89 1.29 3.48 4.30 4.03 3.70 3.42 2.95 2.61 1.09 r1' c 
1951 2.58 2.51 2.61 3.28 4.24 4.36 4.89 5.90 6.04 6.00 5.40 5.05 4.40 1.31 N.., \110 
1952 4.62 4.72 4.72 4.85 4.77 -0.97 -0.49 -O.~9 -1.23 -1.57 0.05 0.37 1.61 2.69 oc \11 10 
1953 0.16 0.41 0.08 0,;4 0.98 -0.57 -0.49 -0.86 -1.36 -1.56 0.62 1.17 -0.07 0.85 ::r r1' 
1954 -0.28 -0.70 -0.86 -1.35 -1.30 -1.52 -2.56 -1.32 -1.95 -1.21 -1.61 -1.88 -1.38 0.58 -
1955 -1.77 -1.58 -1.97 -3.07 -3.68 -3.21 -3.96 -4.67 -4.14 -4.33 -4.19 -3.86 -3.37 1.02 :l 0-
1956 -3.58 -3.52 -3.99 -3.80 -4.64 -4.88 -5.17 -5.21 -5.63 -5.26 -5.03 -4.88 -4.63 0.69 CD x 
1957 -4.85 -4.93 0.25 0.70 1.72 2.04 1.87 2.23 3.35 4.01 3.62 3.28 loll 2.89 C::' 
1958 2.94 3.33 3.49 4.02 3.60 2.91 4.69 4.97 4.07 3.13 2.81 2.29 3.52 0.76 01 
-
1959 2.03 1.84 2.85 2.59 2.91 2.50 2.32 2.52 2.50 3.05 2.54 2.00 2.47 0.36 c CD 
1960 2.80 3.28 3.36 3.49 4.07 4.44 4.64 4.40 3.95 3.41 2.99 2.59 3.62 0.65 III 
1961 1.94 1.54 1.65 1.46 2.83 2.55 2.71 2.73 2.94 2.49 2.33 2.44 2.30 0.50 
1962 1.94 2.26 2.75 1.90 2.31 3.21 5.18 5.69 5.41 5.12 4.36 4.27 3.70 1.39 
1963 4.31 3.87 3.65 3.19 2.52 1.57 1.38 1.73 2.73 -0.45 -0.59 -0.81 1.92 1.71 
1964 -1.14 0.42 0.76 1.33 -1.33 0.15 0.09 0.80 1.07 -0.56 -0.90 -1.0~ -0.03 0.89 
1965 -0.86 -0.61 -0.82 -1.29 1.10 1.45 2.16 2.73 5.33 5.46 4.78 4.89 2.03 2.49 
1966 4.63 4.69 4.42 4.13 2.88 3.01 3.19 4.28 -0.03 0.06 -0.30 -0.07 2.57 1.97 
1967 -0.11 -0.39 -1.16 -1.61 0.42 2.93 3.21 3.06 2.78 2.77 -0.15 -0.09 0.97 1.75 
1968 -0.32 -0.29 -0.82 -0.41 -0.94 0.211 0.51 1.62 1.25 2.22 2.00 2.33 0.62 1.16 
1969 2.41 3.07 2.71 1.81 1.31 1.60 2.05 2.21 2.09 4.06 3.56 3.54 2.53 0.82 
MIA.N 0.80 0.98 1.20 1.24 1.25 1.26 1.68 1.99 2.12 1.43 1.19 1.27 
,6 .. D~ ~~61 g.S8 2~.5J.._ . 2.4,~ 2.63 2.~~~, 3.1u ., .. 3·38 .3~3J. 3.2u 3,!PJ. 2 .• 8J._ 
DISTRICT 2506 
JAN FEB MAR APR IJ.AY JUN JUL AUG SEP OCT NOV DEC MN • S.D. -1 ClJ 
0-
-
1931 -0.45 -1.06 -1.18 -1.52 -1.05 -1.35 -1.90 -2.10 0.79 0.69 2.25 2.97 -0.33 1.57 (ll 
1932 4.04 3.97 3.69 2.79 2.51 2.70 2.98 3.53 3.45 3.56 -0.20 -0.05 2.75 < 1.37 -
1933 -0.14 -0.38 0.65 -0.24 -0.84 -2.14 -1.76 -1.51 -0.75 -1.24 -1.55 -0.98 -0.91 0,76 
1934 -1.33 -1.24 -1. 58 -2.35 -3.81 -4.46 -5.79 -6.28 -5.54 -5.13 -4.34 -4.19 -3.84 1.72 
1935 -4.37 -4.24 -4.61 0.02 1. 22 1.46 1.19 1.00 0.77 1.14 1.38 1.03 -0.33 2.38 
1936 1. 51 1.58 -0.64 -0.91 -1. 56 -2.41 -3.79 -4.46 -4.18 -4.43 -4.72 -4.52 -2.38 2.25 
1937 -4.12 -4.44 -4.02 -3.94 -3.97 -3.90 -3.84 -4.53 -4.90 -4.13 -4.29 -4.49 -4.21 0.31 
1938 -4.49 -4.27 -4.54 -4.01 -3.04 -3.12 -2.89 -3.10 -2.55 -3.16 -2.96 -3.15 -3.44 0.66 -0 ClJ 
1939 -3.27 -2.96 -3.10 -3.37 -3.93 -3.98 -3.93 -4.03 -4.96 -4.99 -5.31 -4.94 -4.06 0.78 -3 
1940 -4.57 -4.41 -4.21 -3.64 -4.09 -4.21 -4.78 -4.24 -4.85 -4.50 -3.74 -3.20 -4.20 0.46 Ii) " 
1941 -2.51 -2.38 -2.56 -1. 81 -2.29 -2.10 -2.39 -3.11 1.07 1.46 1.42 1.83 -1.11 1.84 -If 
1942 1.45 1. 56 1. 79 0.85 1. 00 1.32 1.01 0.72 1.65 -0.27 -0.67 -0.32 0.84 0,,80 ~ 
1943 -0.63 -0.77 -1.00 -1.19 -1.31 0.19 0.82 -0.53 -1.21 -1.02 -1.24 -1.68 -0.80 0.67 Ii) ,.... 
1944 -1.69 -1.69 0.29 2.45 2.57 2.89 3.27 3.88 3.23 2.87 2.97 2.67 1.98 1.83 ro 0 
1945 2.42 2.61 2.19 2.79 3.73 4.09 4.86 4.34 4.85 3.92 3.18 3.43 3.53 0.88 
, 
0 
1946 3.09 2.46 2.30 1.14 1.29 1.63 1.15 1.20 1.41 2.54 3.22 2.83 2.02 0.77 0--. 0 
1947 2.84 2.48 2.21 3.07 3.11 4.91 0.03 -0.84 -1.27 -1.22 0.12 0.39 1.32 1.95 Vl(Q ,.... _. 
1948 0.13 0.56 0.79 -0.65 -1.02 0.17 0.60 0.71 0.80 0.78 1. 57 1.83 0.52 0.77 ' n _·CJ 
1949 2.94 2.93 3.09 2.38 2.54 2.93 2.98 2.73 3.04 3.17 2.30 1.81 2.74 0.39 n -,.... 
1950 1.58 1.34 2.69 2.02 2.16 1.62 1.67 0 1. 73 0.97 1. 39 0.59 1.93 1.97 0.53 N, 
1951 1.49 2.15 2.86 3.61 3.95 4.55 4.59 5.39 5.36 5.48 5.07 4.97 4.12 1.28 ~o Or: 
1952 4.70 4.62 5.04 4.80 4.15 4.25 4.86 3.77 2.88 4.17 O'lO 5.01 2.92 3.05 0.79 "J" 
1953 2.86 2.84 -0.27 -0.81 -1.44 -2.10 -2.51 -0.08 2.05 
,.... 
2.75 2.39 -1.03 -2.01 -1.59 
1954 -1.83 -1.60 -1. 74 -1. 74 -1.40 0.47 -0.64 1.14 --1. 59 -2.27 1.20 1.09 -1.00 -0.92 ::J 
-1.65 -2.88 -2.40 -3.80 -4.00 -4.05 -2.81 1.04 c... 1955 -1.10 -1.29 -2.12 -2.97 -3.91 -3.50 (ll 
1956 -3.98 -4.23 -4.80 -4.68 -4.92 -5.35 -5.45 -5.21 -5.22 -5.26 -5.00 -5.10 -4.93 0.43 >< 
1957 -5.18 -5.47 0.04 1. 07 1.34 1.88 2.62 2.67 0.33 2.70 < 0.27 0.12 1. 71 2.95 CJ 
1958 2.65 3.56 2.06 0.65 -3.17 3.17 3.39 2.52 1. 55 3.71 3.75 2.92 2.59 2.92 c ro 1959 1.84 1.69 2.74 2.78 4.18 3.67 3.41 3.77 3.60 3.85 3.44 3.29 3.19 0.75 Vl 
1960 3.59 3.84 4.12 3.69 4.15 4.37 4.23 4.89 4.60 3.97 3.36 2.84 3.97 0.53 
1961 2.27 2.05 2.37 2.04 2.11 1. 51 1.58 1.44 2.60 2.97 3.28 3.48 2.31 0.64 
1962 3.20 3.85 3.87 2.87 2.56 2.15 3.19 3.24 3.40 3.51 2.98 2.78 3.13 0.48 
1963 2.77 2.34 2.56 1.97 1. 40 1. 74 1.64 1.64 1.80 -0.73 -1.25 -1.43 1.20 1.41 
1964 -1.70 -J .82 -1.73 0.82 0.61 1. 51 1.72 2.24 2.44 1. 79 1.52 1.35 0.73 1.51 
1965 1.15 1. 70 2.18 2.17 3.10 3.58 4.02 3.45 6.89 6.08 5.56 5.36 . 3.77 1 .. 77 
1966 4.96 5.06 -0.22 -0.60 -0.78 0.28 0.56 0.70 0.81 -0.29 -0.73 -0.66 0.76 1.98 
1967 -0.76 -1.20 -1.88 -2.10 -2.01 2.89 2.81 2.35 2.57 2.88 -0.27 -0.12 0.43 2.01 N 
1968 -0.30 -0.62 -1.17 0.38 0.38 0.16 0.42 0.56 1.37 3.16 3.20 4.09 0.97 1.59 -....J 
1969 4.05 4.46 4.07 3.82 3.62 3.18 3.27 3.31 2.56 3.54 2.90 3.03 3.48 0.53 
MEAN 1. 09 1.13 1.11 1.43 1.13 1. 78 1. 56 1.65 2.49 2.20 1.44 1.49 
S.D. 2.87 2.93 2.75 2.54 2.70 2.82 3.02 3.19 3.22 3.17 2.99 2.94 
N 
co 
DISTRICT 2507 
-I 
JAN FEB MAR APR MAY JUN JUL AUG III SEP OCT NOV DEC MN. S.D. er 
-(1) 
1931 -0.10 0.65 2.19 0.04 -0.45 -0.41 -0.56 -0.17 -0.68 -0.96 -0.50 -0.36 -0.11 0.79 < 
-1932 -0.28 -0.28 -0.47 -0.12 -0.97 -0.53 -0.27 -0.45 -1.01 -1.01 -1.39 -1.39 -0.68 0.43 
1933 -1.69 -1.89 -1.93 -1.42 -1.40 "';3.10 -3.37 2.17 2.75 -0.71 -1.18 -0.73 -1.04 1.75 
1934 -0.95 -0.42 -1.14 -2.11 -3.61 -3.73 -5.16 -5.35 -4.41 -4.69 -4.06 -3.65 -3.27 1.63 
1935 -3.65 -3.58 -4.01 0.05 2.83 3.22 -0.14 0.17 0.22 -0.33 0.34 -0.20 -0.42 2.21 
1936 -0.12 -0.28 -0.73 -0.65 -0.05 -0.79 -1.61 -2.66 -2.98 -3.07 -3.28 -2.96 -1.60 1.24 
1937 -2.52 -2.60 -2.16 -2.70 -3.43 -3.07 -3.43 -3.85 -3.88 -3.38 -3.39 -3.14 -3.13 0.51 ." III 
1938 -3.07 -3.03 -2.90 -2.38 -1.52 -2.00 -2.06 -2.41 -2.05 -2.68 -2.70 -2.67 -2.46 0.45 -3 
1939 -2.26 -2.15 -1.87 -1.94 -2.54 -2.49 -3.38 -3.83 -4.56 -4.54 -4.61 -3.94 -3.18 1.04 (1) , 
1940 -3.41 -3.34 -2.28 -2.62 -3.45 -3.61 -4.02 -4.32 0.13 -0.15 0.02 0.45 -2.22 1.73 -1/1 
1941 0.85 0.63 0.38 1.01 0.37 0.35 1.14 0.61 1.84 2.00 1.44 1.87 1.04 0.59 ~ 1942 1.64 2.00 1.78 2.96 2.75 3.69 3.19 3.19 5.05 5.17 4.73 0.01 3.01 1.47 (1) 
r1' 
1943 -0.17 -0.50 -0.45 -0.77 -1.27 -1.16 -1.44 -1.88 -2.48 -2.37 -2.44 -2.28 -1.43 0.81 (1) 0 1944 1.19 1.34 1.70 3.89 3.29 3.10 4.79 4.55 3.52 3.00 3.22 2.88 3.04 1.10 , 0 
1945 2.66 2.27 1.24 1.64 1.26 1.92 1.81 2.57 3.18 -0.41 -0.67 -0.68 1.40 1.27 ~ 0-
1946 -0.87 -1.19 -0.77 -1.91 0.93 0.71 0.94 0.78 1.26 3.57 4.43 3.98 0.99 1.99 ~~. 
1947 3.72 3.33 2.99 3.20 3.10 4.58 4.95 4.43 4.21 3.49 3.58 3.67 3.77 0.60 ~. £ 
1948 3.16 2.83 2.71 1.30 0.69 1.35 1.62 1.75 0.97 0.65 1.19 1.12 1.61 0.81 g.-
1949 1.68 1.27 2.69 2.15 3.06 3.49 3.59 4.09 3.53 3.72 -0.37 -0.65 2.35 1.52 N ~ 
1950 -0.78 -0.46 -0.68 -0.84 -0.56 -1.18 1.55 2.41 2.31 -0.50 -0.53 -0.75 -0.00 1.24 ~ g 
1951 -0.98 -0.94 -1.34 0.24 1.17 2.80 3.97 4.80 5.99 6.16 5.47 5.06 2.70 2.79 '-ll§. 
1952 4.64 4.69 4.63 4.50 4.51 -1.02 -0.94 -0.40 -1.08 -1.41 -1.02 -1.13 1.33 2.77 r1' 
1953 -1.46 -1.19 -1.46 -0.68 -1.14 -1.88 -1.94 -2.01 -2.77 -2.41 -1.27 -1.02 -1.60 0.58 -:s 
1954 -1.23 -1.82 -1.95 -2.88 -2.74 -3.67 -4.60 -4.30 -4.42 -3.69 -3.87 -3.84 -3.25 1.06 Q, (1) 
1955 -3.41 -3.02 -3.38 -3.81 -3.68 -3.48 -4.76 -5.52 -4.77 -4.84 -4.41 -4.03 -4.09 0.73 x 
1956 -3.81 -3.70 -4.11 -4.09 -4.76 -4.98 -4.84 -4.74 -5.32 -5.12 -4.17 -4.04 -4.47 0.52 < III 
1957 -3.91 -3.91 -3.65 0.49 2.16 2.64 3.27 3.14 2.86 3.34 3.08 2.52 1.00 2.88 -c: 
1958 2.04 2.38 2.77 l.07 2.90 2.82 4.50 4.50 4.27 3.59 3.14 3.07 3.25 0.77 (1) 1/1 
1959 2.92 2.60 2.81 2.27 2.15 1.77 1.31 1.07 1.28 2.27 1.84 1.47 1.98 0.59 
1960 2.03 3.09 2.95 2.44 2.38 2.39 -0.12 -0.58 -1.10 -0.74 -0.95 -0.61 0.93 1.65 
1961 -0.96 -1.26 0.14 0.26 1.17 0.90 0.82 0.59 1.26 -0.34 -0.11 -0.05 0.20 0.77 
1962 -0.33 -0.47 -0.18 -0.91 0.62 2.97 5.07 5.50 5.28 4.82 4.12 3.99 2.54 2.47 
1963 3.92 -0.20 -0.13 -0.72 -1.07 -1.70 -1.81 0.27 2.02 -0.18 -0.28 -0.53 -0.03 1.52 
1964 -0.91 0.03 0.20 0.87 -0.92 -0.76 -0.73 -1.08 -1.30 -1.64 -1.82 -1.90 -0.83 0.81 
1965 -1.72 -1.61 -1.80 -2.48 -2.41 1.12 2.31 2.57 4.53 5.01 4.10 4.16 1.15 2.86 
1966 3.86 3.33 2.95 2.42 0.90 1.14 2.03 2.61 2.90 0.30 -0.29 -0.32 1.80 1.40 
1967 -0.47 -D. 83 -1.66 -2.36 0.45 2.05 2.83 -0.29 -0.04 -0.25 -0.36 -0.44 -0.11 1.35 
1968 -0.74 -0.81 -1.52 -1.50 -1.59 -2.38 -2.68 -1.31 -1.71 -1.65 -1.56 -loll -1.55 0.54 
1969 -0.88 -0.96 -1.24 -1.99 0.25 0.74 1.15 -0.84 -1.14 2.16 -0.22 -0.37 -0.28 1.12 
.. ~ ~::.9.8'l~.a1.. -0.5j. ~~Q.05 O.~~· Q~25 o.JdL J>.-..u Q.J,6- ._o.l&o -)2 .. 7l... 
, 
DISTRICT 2508 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC MN. S.D. -; 
C,J 
c-
. 1931 
-0.30 0.06 0.72 0.66 -0.02 -0.87 -1.24 0.18 0.07 0.08 1.10 0.96 0.12 0.67 -r. 
1932 1. 52 1.61 -0.13 -0.62 -1.33 -1.04 -1.17 -1.45 -1.17 -0.86 -1.18 -1.27 -0.59 1.02 < 
1933 -1.66 -2.03 -2.10 -1.07 -1.03 -2.48 -2.87 -1.92 -1.96 -2.48 -2.54 -1.75 -1.99 0.54 -
1934 -1.96 -1.44 -1.99 -2.75 -4.36 -4.84 -5.94 -6.46 -5.90 -5.88 -4.99 -4.59 -4.26 1. 70 
1935 -4.58 -4.49 -5.04 -4.98 -3.40 -2.91 -3.59 -2.78 -2.22 -2.03 -1.42 -1.63 -3.26 1.24 
1936 -1.70 -1.87 -2.52 -2.95 -2.73 -3.72 -4.91 -5.57 -5.32 -5.31 -5.33 -4.60 -3.88 1.40 
1937 -4.00 -3.91 -3.49 -3 82 -4.04 -3.80 -3.61 -4.24 -4.44 -3.80 -3.87 -3.88 -3.91 0.24 
1938 -3.75 -3.66 -3.75 -3.57 -2.75 -3.00 -3.03 -3.15 -2.83 -3.43 -3.48 -3.56 -3.'33 0.34 
" 1939 -3.36 -3.14 -3.19 -3.02 -3.49 -3.39 -4.08 -4.19 -5.11 -5.34 -5.43 -4.84 -4.05 0.88 C,) 
-
1940 -4.29 -3.96 -3.60 -3.74 -4.11 -4.69 -4.95 -5.29 -5.42 -4.91 0.38 0.51 -3.67 1.92 3 (i) 
1941 0.71 0.57 0.17 0.88 0.20 1.;4 1.69 1.74 2.12 2 •. 05 1.90 2.27 1.30 0.73 -, 
-
1942 1.95 1.82 2.02 2.09 1.61 2.70 2.72 3.10 4.53 3.98 3.49 3.61 2.80 0.91 til 
1943 -0.18 -0.37 -0.47 -0.06 -0.68 -0.44 -0.23 -0.43 -0.96 -1.29 -1.55 -1.72 -0.70 0.53 3: (i) 
1944 0.62 0.67 1.22 3.45 3.47 3.12 4.21 4.83 3.90 3.64 3.75 3.29 3.01 1.33 ,...,. (t 
1945 3.09 2.76 1.91 2.60 2.68 3.00 3.21 2.93 2.96 -0.30 -0.73 -0.20 1.99 1.43 a -, 
1946 -0.22 -0.73 -0.75 -1.93 0.39 0.09 0.42 0.35 2.18 5.11 5.61 5.06 1.30 2.47 a 0-
1947 4.94 4.65 4.51 4.67 4.50 5.40 5.52 -0.27 -0.74 -1.07 0.45 0.72 2.77 2.55 -. a til . ..., 
1948 0.68 0.90 1.11 -0.88 -1.37 -0.69 -0.40 -0.92 -1.27 -1.50 0.38 0.47 -0.29 0.91 ~ ---, n 
1949 0.79 0.69 1.40 1.29 2.35 3.01 3.05 3.07 2.89 3.14 2.25 1.81 2.14 0.88 _. :J () -
1950 1.48 1.64 1.45 1.09 2.19 1.18 2.24 2.74 2.93 2.55 2.09 1.59 1.93 0.59 r- 0 
1951 1.38 1.60 1.59 1.93 2.43 3.40 4.70 5.48 6.26 6.20 5.57 5.12 3.80 1.86 N-, VIa 
1952 4.63 4.60 4.77 4.92 4.86 3.71 4.53 4.12 -0.71 -1.17 -1.00 -0.54 2.73 2.56 oc co to 
1953 -0.68 -0.62 -0.76 -0.61 -0.56 -0.71 -0.68 -1.26 -1.65 -1.55 1.03 1.52 -0.54 0.89 :r ,... 
1954 -0.23 -0.52 -0.83 -1.32 -0.66 -1.38 -2.09 -1.01 -1.66 -1.10 -1.62 -1.76 -1.18 0.53 
-
1955 -1. 53 -1.37 -1. 76 -2.74 -3.26 -2.83 -3.60 -4.57 -3.17 -3.32 -3.33 -3.07 -2.88 0.89 ::l c.. 
1956 -2.88 -2.96 -3.30 -3.26 -4.36 -4.66 -4.92 -4.82 -5.07 -4.86 -3.83 -3.77 -4.06 0.78 0 x 
1957 -3.70 -3.82 0.27 0.84 1. 73 3.14 2.74 3.42 3.28 3.75 3.39 2.88 1.49 2.57 < 
1958 2.48 3.29 4.14 4.03 3.67 3.11 4.18 4.91 4.19 3.28 2.87 2.35 3.54 0.74 OJ 
-
1959 2.18 1. 88 2.74 2.51 2.78 2.27 2.26 2.21 2.40 2.98 2.36 1.77 2.36 0.34 c (";) 
1960 2.58 3.04 3.09 3.06 3.47 4.35 4.36 4.09 3.58 3.38 2.78 2.42 3.35 0.62 'J: 
1961 1. 81 1.24 1. 35 1.14 2.86 2.91 2.99 3.27 3.55 2.95 2.99 3.07 2.51 0.83 
1962 2.64 2.78 3.28 2.32 2.23 2.53 4.21 4.81 4.74 4.68 -0.29 0.21 2.84 1.59 
1963 0.38 -0.29 -0.07 -0.44 -1.35 -1.60 -1.87 0.23 2.01 1.52 0.96 0.63 0.01 1.16 
1964 -1.15 -0.99 -0.74 -0.79 -1.93 -1.36 -1.59 -1.04 -1.10 -1.59 -1.74 -2.00 -1.33 0.41 
1965 0.28 0.37 0.62 0.16 1.33 2.22 3.65 4.03 6.49 6.95 6.11 5.79 3.17 2.55 
1966 5.47 5.55 -0.06 -0.12 -1.06 0.59 1.08 1.19 -0.07 -0.13 -0.54 -0.32 0.96 2.12 
1967 -0.43 -0.79 -1. 54 -1.99 0.30 2.12 2.89 2.52 2.58 2.55 -0.20 -0.18 0.65 1. 70 
1968 -0.43 -0.45 -1.12 -0.90 -0.88 -1.05 0.42 1.35 1.08 2.03 1. 76 2.27 0.34 1.24 N 
1969 2.19 2.58 2.28 1.64 2.25 2.11 3.25 4.28 4.31 6.04 5.29 5.11 3.44 1.43 1..0 
MEAN 0.40 0.41 0.12 -0.19 0.16 0.57 1.13 1.29 1.27 1.25 1.12 1.15 
S.D. 2.51 2.51 2.39 2.49 2.64 2.83 3.30 3.38 3.44 3.52 3.07 2.86 
DISTRICT 2509 
\oJ 
0 
JAN FEB MAR APR MAY JUNE JUL AUG SEP OCT NOV DEC MN. S.D. 
-l 
III 
0-
1931 -0.61 -1.21 -1.41 -1.25 -1.12 -1. 74 -1.76 0.02 0.03 0.11 1.44 2.01 -0.46 1.17 CD 
1932 2.53 2.60 0.0 -0.33 -0.45 -0.55 0.30 0.72 -0.18 -0.09 -0.43 -0.39 0.31 1.06 
-
1933 -0.62 -0.96 -0.39 -0.49 -0.64 -1.87 -2.09 -1.73 -1.63 -2.10 -2.50 -2.28 -1.44 0.74 x 
1934 -2.55 -2.42 -2.89 -3.76 -5.02 -5.54 -6.99 -7.41 -6.30 -5.69 -4.73 -4.58 -4.82 1.60 
1935 -4.60 -4.46 -4.94 -5.01 1.55 1.84 1.16 0.62 0.95 1.50 1.82 .1.46 -0.68 2.90 
1936 1.85 -0.06 -0.76 -0.71 -1.03 -1.82 -3.02 -3.81 -3.37 -3.50 -3.97 -3.87 -2.01 1.79 
1937 -3.58 -3.80 -3.48 -3.50 -3.78 -4.17 -3.77 -4.69 -5.06 -4.54 -4.72 -4.98 -4.17 0.57 
1938 -5.13 -4.88 -5.12 -4.74 -3.50 -3.46 -2.96 -2.86 -2.76 -3.50 -3.04 -3.22 -3.76 0.89 
" 1939 -3.27 -2.97 -2.64 -2.36 -3.25 -2.79 -3.25 -3.14 -4.21 -4.35 -4.68 -4.57 -3.46 0.76 III 
-1940 -4.35 -3.99 -3.95 -3.57 -4.09 -4.46 -5.03 -4.36 -4.91 -4.76 -3.97 -3.53 -4.25 0.47 ffi 
1941 -2.92 -2.87 -2.96 -2.50 -2.84 -1.90 -2.00 -2.57 1.36 2.67 2.74 3.69 -0.84 2.51 , 
-1942 3.52 3.50 3.47 2.41 2.82 2.91 2.47 2.68 3.31 2.88 2.39 2.78 2.93 0.41 Ul 
1943 2.37 2.17 1.84 1.42 1.33 2.40 2.64 -0.62 -0.88 -1.07 -1.36 -1.58 0.72 1.60 ~ CD 
1944 -1.49 -1.40 0.53 2.46 2.36 2.61 2.71 3.82 3.43 3.21 3.46 3.41 2.09 1.78 r-t CD 
1945 3.27 3.49 3.00 3.97 4.64 4.35 4.38 -0.14 0.23 -0.50 -0.89 -0.37 2.12 2.13 0 , 
1946 -0.31 -0.83 -0.49 -1.44 -1.47 -1.56 -1.49 -1.53 0.71 1.56 2.12 1.72 -0.25 1.35 0 0-
1947 1.67 1.31 1.29 2.47 2.40 3.64 3.33 -0.90 -1.79 -2.19 -2.12 0.31 0.78 2.01 -. 0 Ul\O 
1948 0.11 0.73 1.06 -0.58 -0.96 -0.98 -0.82 -0.77 -0.83 -0.75 0.68 0.85 -0.19 0.77 r-t -. , () 
1949 1.95 1.93 2.00 1.57 1.93 2.99 3.03 3.18 3.55 3.39 2.60 2.31 2.54 0.64 -. III () -
1950 1.95 1.88 1.54 1.14 2.20 1.27 2.55 3.27 3.44 3.82 3.64 3.22 2.49 0.92 r-t 0 
1951 3.14 3.73 4.14 4.76 4.86 6.08 6.77 7.40 7.41 7.15 6.68 6.19 5.69 1.44 N, V'10 
1952 5.66 5.34 5.99 6.18 5.46 4.61 4.83 5.36 -0.69 -1.21 -0.67 -0.22 3.39 2.92 ot: \.0\0 
1953 -0.36 -0.44 -0.50 -O.lT -0.38 -1.02 -1.09 -1.48 -1.98 -2.34 -1.75 -1.32 -1.07 0.69 ~ r-t 
1954 -1.65 -1.45 -1.84 -1.85 -1.24 -1.11 -1.57 1.83 -0.64 0.63 -0.52 -0.65 -0.84 1.05 
-
1955 -0.35 -0.05 -0.46 -0.93 -1.72 -1.18 -1.78 2.72 -2.65 -2.94 -3.24 -3.45 -1. 79 1.15 :J 0-
1956 -3.53 -3.75 -4.43 -4.51 -5.16 -4.99 -4.88 -5.00 -5.50 -5.48 -5.21 -5.40 -4.82 0.62 CD x 
1957 -5.43 -5.63 0.24 0.46 0.49 0.92 0.49 0.96 0.75 1.42 1.62 1.38 -0.19 2.42 < 
1958 1.5.0 1.91 2.29 2.10 1.80 loll 3.57 3.26 4.53 3.57 3.29 2.82 2.65 0.98 III 
-1959 2.85 2.71 3.45 2.92 4.04 3.19 3.16 2.64 3.04 3.80 3.31 3.17 3.19 0.40 t: CD 
1960 3.79 4.08 4.21 3.79 3.43 3.60 3.74 4.03 3.82 3.55 2.93 2.45 3.62 0.48 Ul 
1961 1.95 1. 76 2.37 2.20 2.84 2.53 2.67 2.20 3.95 4.13 4.70 4.81 3.01 1.04 
1962 4.70 4.86 4.58 3.42 2.95 2.59 3.16 3.01 2.73 3.29 2.94 2.71 3.41 0.79 
1963 2.54 1.97 2.01 1.65 1.31 1.05 1.36 1.52 1.67 -0.50 -0.91 -1.17 1.04 1.17 
1964 -1.46 -1.56 -1. 55 -0.96 -1.69 -1.06 -1.26 -0.74 -0.61 -1.12 -1.15 -1.25 -1.20 0.32 
1965 -1.23 0.45 0.80 0.53 0.79 1. 74 2.41 1.93 3.44 -0.31 -0.46 0.29 0.86 1.26 
1966 0.34 0.61 -0.40 -0.73 -1.37 -1.53 -1.31 -1.09 -1.03 -1.38 -1.81 -1.81 -0.96 0.75 
1967 -1.88 -2.23 -2.71 -2.61 -2.73 1.43 1.45 1.06 1.60 1.95 -0.19 0.22 -0.39 1.83 
1968 -0.08 -0.29 -1.10 -0.64 -0.62 -1.28 0.48 1.22 1.36 2.29 2.38 3.02 0.56 1.40 
1969 3.06 3.30 3.23 3.80 4.08 3.55 4.39 3.93 2.93 3.87 3.14 3.13 3.53 0.45 
MEAN 0.28 0.26 0.50 0.38 0.69 0.95 1.33 0.76 0.77 0.54 0.30 0.61 
S.D. 2.85 2.84 2.79 2.76 2.82 2.85 3.12 3.12 3.10 3.12 2.98 2.92 
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General Description 
A general description of monthly drought conditions in Nebraska 
from 1931 to 1969 will be grouped into distinct periods. These periods 
denote the major occurrences of drought conditions of the 1930's and 
1950's. The precipitation districts for the state (Map A) will be 
referred to by name only. They are as follows: 
Panhandle - District 2501 
North Central - District 2502 
Northeas t - District 2503 
Central - District 2505 
East Central - District 2506 
Southwest - District 2507 
South Central - District 2508 
Southeas t - District 2509 
PANHANDLE NORTH CENTRAL 
2501 2502 2503 
CENTRAL 
SOUTHWEST 2505 2506 
2507 SOUTH CENTRAL SOUTHEAST 
2508 2509 
MAP A Precipitation Districts of Nebraska 
Thus if the Panhandle is mentioned, this officially means District 
2501 where 25 identifies the State of Nebraska and 01 is the precipitation 
district number within the state. Note, there is no District 2504 in 
Nebraska. The numbering system is from west to east in three tiers going 
north to south and starting in the northwest section of the state. 
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The Drought of the 1930 1s. The drought period of the 1930 l s was 
the longest dry period for the State of Nebraska in recent history. 
Duration and intensity tell the story. The designated starting time, un-
fortunately, must begin with the available computational data, January 1931. 
There is supporting evidence given by Condra (1944, 10) that the "Ten Year 
Drought" extended from the beginning of 1931 to the end of 1940. Condra 
used precipitation whereas Palmer used many variables in defining drought. 
Thus there is the possibi lity that a discrepancy may exist, but one of no 
great magnitude. The terminal date, August 1941, is based on the last 
occurrence of a drought month for anyone district. 
This drought period is characterized as (I) the longest for the 39-
year period, (2) having the 100est values recorded on Palmer1s scale, 
(3) one that can actually be subdivided Into three distinct periods of 
extreme drought, and (4) having definite core areas of drought concen-
tration. 
The duration of drought lasted approximately twelve years during 
which most of the monthly values were negative on Palmer1s MOl scale. 
Imagine a period of 128 months (January 1931 to August 1941) with the 
least number of minus index values for any district being 96 months! 
The number of months with minus index values per district are as 
follO#s: Panhandle 97, North Central 113, Northeast 108, Central 96, 
East Central 102, Southwest 104, South Central 108, and Southeast 109. 
Not only was there a staggering occurrence of minus values but also there 
was the greatest number of consecutive values. The South Central District 
had the greatest number--104--of consecutive minus monthly values. 
Many of the months exhibited the extreme drought category on Palmer1s 
scale, e.g., values dipping as low as -7.41 in the Southeast District 
in August 1934. Districts listed with their lowest values and dates are 
as follows: Panhandle, -4.88, August 1940: North Central, -6.36, August 
1934: Northeast, -5.51, August 1934: Central, -7.03, September 1940; 
East Central, -6.28, August 1934: Southwest, -5.35, August 1934: South 
Central, -6.46, August 1934: and Southeast, -7.41, August 1934. The 
lowest value for each district during this 12-year period did not 
occur during the same month or even the same year. However, during 
August 1934 the intensity of drought was geographically most wide-
spread. 
The 1930 l s can be arbitrari Iy divided into three sub-periods by 
grouping the occurrences of extreme drought. The first is a very 
concise grouping of consecutive extreme drought values from 1934 to 
1935. This group had a distinct starting time, an abrupt end, and 
a fairly even distribution of extreme drought values for each district. 
Note that all districts had extreme conditions for four consecutive 
months from July through October of 1934. This probably represents 
the worst stage of extreme drought conditions for the entire state in 
the 39-year period. The second period, 1936 to 1938, was a generalized 
agglomeration of extreme and severe drought values. Actually all dis-
tricts did not experience extreme drought, such as the Central and 
Southwest Districts, and one district, North Central, had only two 
months of extreme drought. The third period was a somewhat close 
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array of extreme drought values in 1939 and 1940. The primary em-
phasis was in the Central District which had the greatest number of 
extreme values for the entire third period. 
Assessment of the spatial distribution of drought using precipi-
tation districts is a very difficult task because a segment within the 
state may be a portion of a larger drought area not indicated on the 
map. For example, drought in southeastern Nebraska may really be the 
northern most extent of a drought centered in Southern Kansas and it 
would be somewhat meaningless to describe the distribution as within 
the confines of Nebraska. This limitation might lead to false im-
pressions when examining the spread or location of drought within the 
state. Therefore, a method of analysis must be devised which portrays 
the locational area of greatest drought stress without really indicating 
spread or origin. This can be accomplished by noting which district 
has the lowest value on Palmer1s scale on a monthly basis and then 
describe the prevalence and shift of this lowest value within the eight 
precipitation districts. This notion assumes that the lowest value will 
denote a core area. Obviously, this method excludes the other seven 
districts, but might lend to greater clarity in describing drought 
distribution because of the arduous ordeal of integrating eight 
districts, each displaying variability over a potential range of 
some 1600 units (+8.00 to -8.00) on Palmer1s index scale. It must 
be noted that the lowest monthly value for the eight districts usually 
remained with one district for many consecutive months, thus shifts 
were reduced to a minimum. This helps to establish core areas because 
of the prolonged occurrence of lowest values in one district. 
A notion of core areas of most extreme drought wi II be explained 
for the previously mentioned three sub-periods of the 1930's. The 
lowest values for the first extreme drought period (1934-1935) started 
in the Southeast District, (December 1933 to September 1934) and then 
shifted back and forth between the Southeast and South Central Districts 
(October 1934 to April 1934), the core area being located in the south-
southeastern part of the state. The second sub-period (1936-1938) is 
simi lar to the first in that the lowest values are concentrated in the 
southeastern portion of the state. The extreme drought period starts 
with lowest values in the South Central District (January 1936 to 
December 1936) fol lowed by a four month shift (January 1937 to Apri I 
1937) to the East Central District and terminating the period again 
in the Southeastern District. Host of the lowest values were con-
centrated in the south-southeastern part of the state. The third sub-
period (1939-1940) is completely different with lowest values domi-
nating in the Central District from March 1939 to August 1941. 
The Drought of the 1950's. Although the drought of the 1950's 
was less intense and of shorter duration, it is the next most significant 
drought period from 1931 to 1969. It started in mid-1952 and ended 
rather abruptly in early 1957. This period will be assessed in the 
same manner as the "Drought of the 1930's" so that a concluding compari-
son can be made. Basically this drought period was (1) the second 
largest for the 39-year period, (2) one with many extreme drought 
months, (3) limited to one attack of extreme drought, and (4) one 
which had a distinct shift of core area concentration of lowest drought 
values. 
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The drought period lasted about five years with the southern tier 
of districts, Southwest, South Central, and Southeast, experiencing 
drought in mid-1952 and most of the others following in mid-1953. Until 
early 1957, the vast majority of months for all districts had minus 
values on Palmer1s scale with the Southwest District recording 58 con-
secutive months. 
The period of extreme drought was from mid-1955 to early 1957. 
The districts recorded some severe drought interspersed with extreme 
drought to give a characteristic of lower intensity than the 1930 1s. A 
notable exception was the Panhandle District which had only one month 
of extreme drought. Lowest intensity of drought for each district is as 
follows: Panhandle -4.31, North Central -5.41, Northeast -5.52, Central 
-5.07, East Central -5.47, Southwest -5.52, South Central -5.07, South-
east -5.63. These values exhibit no extreme values of -6.00 or -7.00 
and are mostly contarned within the -5.00 category. The time of occurr-
ence of the lowest value for each district does show marked variabi lity 
and was as follows: Panhandle, October 1956; North Central, July 1956; 
Northeast, September 1956; Central, September 1956; East Central, 
February 1957; Southwest, August 1955; South Central, September 1956; 
and Southeast, February 1957. Even though these values range over a 
two-year period, the majority of lowest values were attained during the 
summer and early fall season. The extreme drought appeared at a con-
cise time and was not exemplified by numerous fluctuations of extreme 
and lesser stages of drought like the 1930 1s. Therefore, only one 
extreme drought occurred in the 1950's, whereas the 1930's had three. 
The district shift of lowest index value was from the southwestern 
to eastern portion of the state. The first occurrence of extreme drought 
was in the Southwest District which experienced many consecutive months 
of the lowest value from July 1954 to November 1955. Then the core area 
shifted to the East Central District from December 1955 to August 1956. 
Finally there was a southward shift into the Southeast District until 
the end of the period. 
A comparison of the two drought periods can be summarized as 
follows: (1) The 12 year length of the 1930's was more than twice that 
of the 5 year length of the 1950's; (2) Maximum consecutive drought 
months reached 104 in the 1930's and 58 in the 1950's; (3) All districts 
attained lower values in the 1930's; (4) The majority of extreme drought 
values occurred in August and September for both periods; (5) The 1930's 
had three distinct sub-periods of extreme drought whereas the 1950's 
had only one; (6) The core area of lowest values, i.e., the occurrence 
of consecutive lowest values per district, were limited to the Central, 
East Central, South Central, and Southeast Districts during the time 
of extreme drought conditions for both the 1930's and 1950's; (7) Each 
district suffered unique droughts for each major drought period be-
cause of the variability of duration and intensity. 
Chronological Listing of Consecutive Minus Values 
A chronological listing of consecutive months of minus values one 
year or greater is presented in Table X. From 1931 to 1969 there were 
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TABLE X 
Chronological Listing of Consecutive Monthly Minus Drought Index Values One 
Year or greater in Nebraska from 1931 to 1969 
Consecutive Length District Date Start Date End 
Months in Years Month Year Month Year 
1. 104 8-9 2508 03 1932 10 1940 
2. 90 7-8 2503 04 1933 09 1940 
3. 67 5-6 2509 02 1936 08 1941 
4. 66 5-6 2505 03 1936 08 1941 
5. 66 5-6 2506 03 1936 08 1941 
6. 58 4-5 2507 06 1952 03 1957 
7. 57 4-5 2507 12 1935 08 1940 
8. 56 4-5 2502 03 1936 10 1940 
9. 44 3-4 2502 03 1931 03 1935 
10. 44 3-4 2502 08 1953 03 1957 
11. 43 3-4 2501 09 1953 03 1957 
12. 38 3-4 2505 01 1954 02 1957 
13. 38 3-4 2508 01 1954 02 1957 
14. 32 2-3 2501 08 1935 06 1938 
15. 32 2-3 2501 09 1962 04 1965 
16. 32 2-3 2509 09 1932 04 1935 
17. 30 2-3 2503 11 1954 04 1957 
18. 28 2-3 2506 11 1954 02 1957 
19. 28 2-3 2509 1 1 1954 02 1957 
20. 27 2-3 2507 05 1931 07 1933 
21. 24 2 2501 04 1931 03 1933 
22. 24 2 2506 04 1933 04 1935 
23. 23 1-2 2509 09 1951 07 1954 
24. 21 1-2 2501 03 1939 10 1940 
25. 21 1-2 2507 08 1967 04 1969 
26. 19 1-2 2502 10 1963 04 1965 
27. 18 1-2 2502 10 1966 03 1968 
28. 18 1-2 2507 10 1933 03 1935 
29. 16 1-2 2501 10 1959 02 1961 
30. 16 1-2 2509 10 1963 01 1965 
31. 15 1-2 2502 10 1942 12 1943 
32. 15 1-2 2503 10 1942 12 1943 
33. 15 1-2 2505 10 1934 03 1935 
34. 15 1-2 2506 05 1953 07 1954 
35. 15 1-2 2509 03 1966 05 1967 
36. 14 1-2 2503 07 1967 08 1968 
37. 14 1-2 2508 09 1952 10 1953 
38. 13 1-2 2501 03 1934 03 1935 
39. 13 1-2 2501 09 1968 09 1969 
40. 13 1-2 2507 05 1964 05 1965 
41. 12 1 2507 01 1943 12 1943 
42. 12 1 2508 01 1943 12 1943 
43. 12 1 2508 01 1964 12 1964 
43 separate periods of consecutive monthly minus values, the longest 
a maximum of 104 months. The frequencies varied from a minimum of 
three occurrences for the Central District increasing radially to a 
maximum of eight occurrences for the Panhandle (Map B). This essentially 
indicates that the probabi lity of consecutive minus monthly values 
(drought duration) is least in the central portion of the state and in-
creases in all directions reaching a maximum in the far west. These 
data do not relate to severity of drought because no indication of in-
tensity has been presented at this time. 
PANHAIDLE NORTH CENTRAL 
MAP B 
8 
SOUTHWEST 
7 
6 ij 
ernUL 
3 ij 
SOWTH CEITRAL SOUTHEAST 
5 
Frequency of Consecutive Minus MOl Values One Year 
or Greater, 1931-1969 
A convenient natural division exists among these data with 22 of the 
43 periods equal to or greater than two years and 21 of 43 periods less 
than two years. An immediate inquiry may be di rected toward the possi-
bility of a greater propensity for one or more districts to have a 
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significantly greater occurrence of consecutive minus values either above 
or below the prescribed division. Counting and listing the frequencies 
reveals the following: 
District 
Panhandle 
North Cen t ra 1 
Northeas t 
Central 
East Central 
Southwest 
South Central 
Southeas t 
All Cases 
8 
6 
4 
3 
4 
7 
5 
6 
Cases. 
2 Years 
and less 
4 
3 
2 
1 
1 
4 
3 
3 
Percent 
50 
50 
50 
33 
25 
57 
60 
50 
Most of the districts exhibit an equal occurrence above and below the 
set division of two years and greater. The only one which might be 
significantly less is the East Central District with one occurrence 
in four being less than two years. 
Additional insight on drought conditions is gained by tabulating 
the frequency of periods exhibiting consecutive monthly minus index 
values one year or greater by decade: 1930's, 17; 1940's, 4; 1950's, 
12; and 1960's, 10. It has been demonstrated that the major extreme 
drought periods were in the 1930's and 1950's, but the above tabulation 
clearly shows the 1960's (10 frequencies) as being noteworthy. Although 
a moisture deficit existed over a considerable duration, the intensity 
of the deficit was not of the same m~gnitude as during the 1950's. 
Frequency of ConsecuLive Months 
Frequency of consecutive minus values on Palmer's MOl scale are 
given by districts from 1931 to 1969 (Table XI). An important aspect 
of the table is the distribution of consecutive values within the 
state. First, the western districts--Panhandle, North Central, and 
Southwest--experienced maximum duration of 43, 56, and 58 months 
respectively. Second, the Central, East Central, and Southeast 
Districts had durations of 66, 66, and 69 months respectively. And 
third, the Northeast and South Central Districts had the greatest 
. duration of 90 and 104 months respectively (Map C-l). 
PANHANDLE 
MAP C-I 
NORTH CENTRAL 
56 90 
CENTRAL 
SOUTHWEST 66 66 
58 SOUTH ~ENTRAl SOUTHEAST 
10ij 69 
Maximum Number of Months with Consecutive Minus 
MOl Values, 1931-1969 
83 
84 TABLE XI 
Frequency of Consecutive Months of Minus Drought Index Values for Nebraska 
Precipitation Districts from 1931 to 1969 
Consecutive Preci pi tat i on Di stri cts 
Months 01 02 03 05 06 07 08 09 
1 3 0 0 4 0 4 2 3 
2 2 2 0 2 1 2 0 1 
3 5 3 3 0 2 0 3 1 
4 0 1 2 3 1 1 0 1 
5 4 2 1 3 1 0 0 0 
6 2 0 0 1 1 3 1 1 
7 2 2 2 3 1 2 2 3 
8 1 2 1 1 3 2 2 0 
9 0 0 0 0 0 0 0 0 
10 0 0 2 0 0 0 0 0 
11 1 2 0 1 0 0 0 1 
12 0 0 0 0 0 1 2 0 
13 2 0 0 0 0 1 0 0 
14 0 0 1 0 0 0 1 0 
15 0 1 1 1 1 0 0 1 
16 1 0 0 0 0 0 0 1 
17 0 0 0 0 0 0 0 0 
18 0 1 0 0 0 1 0 0 
19 0 1 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 
21 1 1 
23 
24 
27 
28 
30 
32 2 
38 
43 
44 2 
56 
57 
58 
66 
67 
90 
104 
Table XII indicates the consecutive monthly values:: -3.00 in 
Palmer1s scale, i.e., severe or severe plus extreme drought values. 
The maximum for all districts varied from II consecutive months for 
the Panhandle to 34 consecutive months for the Southwest District. 
Distribution of these values are on Map C-2. These can be grouped 
as follows: (1) Panhandle which had the lowest number of consecu-
tive months, 11, (2) North Central and Northeast with 21 months, 
East Central and Southeast with 24 months, and South Central with 25 
months, and (3) group consisting of the greatest duration, 30 consecu-
tive months for the Central District and 34 consecutive months for the 
Southwest District. This distribution is rather unique in that the 
lowest district (Panhandle, II months) is adjacent to the highest 
district (Southwest, 34 months) and has no transition district 
separating the two. 
PANHANDLE 
- . 
II 
MAP C-2 
NORTH CENTRAL 
SOUTHWEST 
34-
-21 21 
CENTRAL 
30 
SOUTH CENTRAL SOUTHEAST 
25 
Maximum Number of Consecutive Months with MOl 
Values less than -3.00, 1931-1969 
85 
86 
TA8LE XII 
Frequency of Consecutive Months of ~ -3.00 Drought Index Values for Nebraska 
Precipitation Districts from 1931 to 1969 
Consecutive 
Months 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
30 
34 
Precipitation Districts 
01 02 03 05 
2 
1 
3 
2 
1 
2 
2 
3 
1 
3 
2 
06 
3 
1 
07 
1 
2 
08 09 
2 
The frequency of consecutive months of values ~ -4.00 on Palmer's 
scale is presented on Table XI I I. This class denotes the worst possible 
conditions of maximum duration of extreme drought. Even though maxi-
mum duration decreases with increasing intensity on Palmer's scale, all 
districts experienced at least eight consecutive months of annihilative 
drought stress. The far western end of the state in the Panhandle Dist-
rict (Map C-3) had the least number consecutive months of extreme drought 
while the Central District had the maximum of 18 consecutive months. All 
remaining districts surrounding the Central District ranged from 10 to 
13 consecutive months. Therefore, the greatest duration of maximum 
intensity drought stress occurred in the central portion of the state. 
PANHANDLE 
8 
MAP C-3 
NORTH CENTRAL 
SOUTHWEST 
-
10 
-
II 13 
CENTRAL 
-
-
18 13 
SOUTH. CENTRAL SOUTHEAST 
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Maximum Number of Consecutive Months with MOl 
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TABLE XIII 
Frequency of Consecutive Months of ~ -4.00 Drought Index Values for 
Nebraska Precipitation Districts from 1931 to 1969 
Consecut i ve Preci pi tati on Districts 
Months 01 02 03 05 06 07 08 09 
1 4 1 2 
2 1 1 
3 2 
4 3 
5 
6 3 
7 1 
8 2 
9 1 
10 1 
11 
12 2 
13 
14 
15 
16 
17 
18 
19 
20 
A comparative analysis of Maps C-l. C-2. and C-3 warrants the 
following observations. First. the Panhandle District always had the 
least maximum number of consecutive months for each of the three cate-
gories. This means the duration-intensity factor is at a minimum in 
the far western part of the state. Secondly. there was a district 
shift for maximum consecutive months within the state which was 
limited to the central and southwestern portions. This shift was 
as follows: South -Central District (104 consecutive months of minus 
values) to the Southwest District (34 consecutive months of ~ -3.00 
values) to the Central District (18 consecutive months of ~ -4.00 
values). Evidently the duration-intensity factor is the greatest 
for the Central District. And thirdly. the remaining non-minimum and 
non-maximum districts should not be ignored because they too are 
significant. For example. the Southeast District had a period of 24 
consecutive months registering ~ -3.00 on Palmer1s index. 
Years with Minus Values 
The years with recorded minus values according to Palmer1s MDI are 
presented on Table XIV. This means that at least one month within the 
prescribed year had a negative index value. The criterion of at least 
one month needs further explanation. The first row on Table XI (page 84) 
relates the number of occasions a minus value was recorded for one 
isolated month for each district. It is noted that the North Central. 
Northeast, and East Central Districts have never experienced one 
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90 TABLE XIV 
Frequency of Years Wi th Mi nus Va 1 ues at Least 
One Month Out of the Year for Neb raska 1931--1969 
P rec i pi tat i on Districts 
Years 01 02 03 05 06 07 08 09 
1931 x x x x x x x x 
1932 x x x x x x x x 
1933 x x x x x x x x 
1934 x x x x x x x x 
1935 x x x x x x x x 
1936 x x x x x x x x 
1937 x x x x x x x x 
1938 x x x x x x x x 
1939 x x x x x x x x 
1940 x x x x x x x x 
1941 x x x x x x 
1942 x x x x x x 
1943 x x x x x x x x 
1944 x x x x x 
1945 x x x x x x x 
1946 x x x x x x x 
1947 x x x x x x 
1948 x x x x x x 
1949 x x 
1950 x x 
1951 x x 
1952 x x x x x x 
1953 x x x x x x x x 
1954 x x x x x x x x 
1955 x x x x x x x x 
1956 x x x x x x x x 
1957 x x x x x x x x 
1958 x x x 
1959 x x x 
1960 x x x 
1961 x x x 
1962 x x x x x 
1963 x x x x x x x x 
1964 x x x x x x x x 
1965 x x x x x x 
1966 x x x x x x x x 
1967 x x x x x x x x 
1968 x x x x x x x x 
1969 x x x 
Total 38 36 32 28 26 33 27 29 
Pe rcent 97.4 92.3 82. I 71.8 66.6 84.6 69.3 74.4 
Pe rcen t Wet 2.6 7.7 17 .9 28.2 33.3 15.4 30.7 25.6 
isolated month with a negative value. The remaining districts varied 
only from two to four cases. By reviewing the Tables II through IX 
(pages to ) two important factors are indicated: (1) most nega-
tive values appear in a series, and (2) there have been only two 
calendar years when one isolated minus value was recorded. These were 
1942 for the Panhandle District and 1962 for the South Central District. 
This suggests there is a low probability attached to the occurrence of 
only one minus month in a calendar year. A similar notion of persist-
ence in weather was reported by Chatfield (1966), who statistically 
studied daily rainfall data. He concluded that the longer a dry (wet) 
period lasted, the greater the probability of the following day also being 
dry (wet). 
Without reference to drought intensity or duration, the number 
of years with minus values decreases from the Panhandle to the East 
Central District of Nebraska (Table XIV, Map D). In fact, certain 
portions of the state such as the Panhandle and North Central Districts 
have had one or more dry months over 90 percent of the years during the 
39-year period. The mapped values show there is a greater probability 
of a dry month per year in the western part of the state than In the 
eastern part. Actually these percentages can also indicate the reverse 
of drought; that is, wet years as measured on Palmer's MOl scale. 
Thus the Panhandle had only 2.6 percent of the years with all 12 
monthly values being positive while the East Central District had a 
much higher percentage of 33.3 percent. 
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PANHANDLE NORTH CENTRAL 
38 
SOUTHWEST 
33 
36 
CENTRAL 
28 
32 
SOUTH CENTRAL SOUTHEAST 
27 29 
- -
MAP 0 Frequency of Years with Minus MOl Values, 1931-1969 
PANHANDLE NORTH CENTRAL 
59 11-8 
60 
CENTRAL 
SOUTHWEST 11-3 11-0 
57 
SOUTH CENTRAL SOUTHEAST 
11-9 11-9 
MAP E Percent of all Minus MOl Values by District, 
1931-1969 
Monthly Drought Index Values 
Analysis of monthly frequency values for each district yields 
simi lar results as in the above section (Tables XV through XXI I). 
There is a decrease in the number or percentage of months with a minus 
MDI value from west to east (Map E). The greatest percentage ex-
pectedly occurs in the Panhandle (60%) while the minimum frequency 
(40%) is experienced in the East Central District. This can be 
interpreted as mean-ing that negative values existed for 40 to 60 
percent of the total monthly records (468) by climatic district 
in Nebraska. When frequency of monthly extreme drought values 
(s-4.00) are computed, the distribution pattern reverses (Map F). 
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MAP F 
NORTH CENTRAL 
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CEIITRAL 
SOUTHWEST 8 12 
6 
SOUTH CEIITRAL SOUTHEAST 
9 10 
Percent of Ext~em~ ~rought Values by District, 
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TABLE XV 
Monthly Frequency of Palmer1s MDI Values January - December 1931 - 1969 
District 2501 Panhandle 
J F M A M J J A S 0 N D Total % 
8 
7 
6 
5 1 1 1 2 1 1 7 01.50 18 
4 1 0 2 3 1 2 1 1 11 02.35 03.85% 
3 3 1 2 1 3 4 6 4 4 3 2 2 35 07.48 
2 2 4 3 4 2 4 3 4 3 1 3 2 35 07.48 187 
1 2 3 2 4 6 4 4 5 4 7 3 3 47 10.04 39.96% 169 
.5 1 2 2 4 3 3 3 3 2 0 1 1 25 05.34 36. 11% 
0 3 2 4 4 4 4 2 0 0 0 0 4 27 05.77 
-0 9 9 2 0 2 2 1 1 3 3 6 6 44 09.40 
-.5 7 3 9 7 3 1 1 2 7 7 8 7 62 13.25 
-1 3 7 8 11 9 6 5 7 1 5 4 4 70 14.96 260 
-2 6 5 5 3 4 6 5 2 4 2 4 4 50 10.68 281 55.56% 
-3 2 2 2 1 2 4 2 3 4 3 5 4 34 07.26 60.04% 
-4 1 1 4 4 4 5 1 1 21 04.49 -z1 
-5 04.49% 
-6 
-7 
-8 
J 
8 
7 I 
6 0 
5 0 
4 I 
3 0 
2 6 
1 I 
.5 4 
0 2 
-0 3 
-.5 6 
-1 8 
-2 2 
-3 4 
-4 1 
-5 
-6 
-7 
-8 
TABLE XVI 
Monthly Frequency of Palmer's MDI Values January - December 1931 - 1969 
District 2502 North Central 
F M A M J J A S 0 N D Total % 
I I 1 ,3 00.64 
I I I 0 0 I 0 5 01.07 
0 0 I I I 0 0 0 0 0 3 00.64 
0 0 0 0 2 3 2 2 0 0 0 9 01.92 
0 0 0 0 0 0 1 1 2 3 1 9 01.92 
2 3 2 5 3 3 3 4 2 1 2 30 06.41 
3 2 4 3 4 6 3 2 2 2 3 40 08.55 
7 3 5 5 4 1 2 4 3 3 2 40 08.55 
2 3 2 2 2 1 3 2 1 2 5 29 06.20 
I 1 I 1 2 3 1 2 2 4 2 22 04.70 
4 5 2 1 2 1 2 1 3 1 3 28 05.99 
2 5 3 2 5 4 5 5 8 8 6 59 12.61 
11 8 10 9 6 5 6 5 5 5 5 83 17.74 
1 4 5 5 5 6 4 3 3 3 3 44 09.40 
3 3 4 3 2 1 I 2 3 4 5 35 07.48 
2 1 2 I 2 2 3 2 2 I 19 04.06 
I 1 2 2 2 8 01 .71 
1 1 2 00.43 
190 
40.60% 
278 
59.40% 
29 
06.20% 
161 
34.40% 
249 
53.21% 
29 
06.20% 
'-D 
V1 
I.D 
(j\ 
TABLE XV II 
Monthly Frequency of Palmer 1 s MOl Values January - Decerrber 1931 - 1969 
District 2503 Northeast 
J F M A M J J A S 0 N 0 Total % 
8 
7 I 1 00.21 
6 1 1 1 I 1 0 1 1 7 01.50 30 
5 0 0 0 1 1 1 1 0 0 0 0 4 00.85 06.41% 
4 0 0 0 1 I 5 3 3 4 1 0 0 18 03.85 243 
3 3 4 4 6 4 1 3 4 4 6 5 4 48 10.26 51.92% 
2 6 6 6 2 5 5 4 4 4 4 4 6 56 11. 97 
1 4 5 5 5 6 7 4 4 6 4 5 4 59 12.61 213 
.5 3 1 2 5 2 2 5 2 1 2 3 4 32 06.84 45.51% 
0 2 2 2 0 2 3 0 2 2 2 1 0 18 03.85 
-0 5 I 2 1 1 3 5 3 1 4 3 4 33 07.05 
-.5 2 6 3 3 2 0 1 1 3 2 5 4 32 06.84 
-I 6 6 6 4 5 I 2 4 3 3 5 4 49 10.47 . 185 
-2 I 2 2 4 5 5 5 3 2 3 1 2 35 07.48 225 39.53%· 
-3 3 1 2 5 3 5 3 2 4 3 2 3 36 07.69 48.08% 
-4 2 3 3 1 2 2 2 3 3 3 2 2 28 05.98 40 
-5 1 1 1 1 1 2 1 1 2 1 12 02.56 08.55% 
-6 
-7 
-8 
J 
8 
7 
~ 
b 
5 
4 4 
3 1 
2 5 
1 6 
r I • :::> 
0 2 
-0 7 
-.5 3 
-1 2 
-2 2 
-3 4 
-4 2 
-5 
-6 
-7 
-8 
TABLE XVIII 
Monthly Frequency of Palmer1s MDI Values January - December 1931 - 1969 
District 2505 Central 
F M A t1 J J A S 0 N D Total % 
1 1 2 00.43 
I 2 3 2 2 2 1 13 02.78 
3 3 4 3 2 3 4 3 3 3 4 39 08.33 
5 4 3 2 2 3 1 4 6 3 2 36 07.69 
2 5 2 7 7 6 10 6 3 6 6 65 13.89 
6 4 8 6 9 7 4 7 3 2 4 66 14.10 
0 3 3 4 0 2 1 1 1 3 3 22 04.70 
5 3 3 2 3 2 I 0 1 2 I 25 05.34 
4 0 3 I 0 2 2 3 4 4 6 36 07.79 
5 7 1 2 3 I I 0 3 4 1 31 06.62 
I 3 4 4 3 0 2 4 4 2 3 32 06.84 
1 2 3 1 4 6 2 1 1 1 1 25 05.34 
5 4 4 5 2 1 3 2 2 2 4 38 08.12 
2 1 1 I 2 1 2 1 2 2 2 19 04.06 
1 1 2 1 3 2 3 1 14 02.99 
1 2 0 1 4 00.85 
1 1 00.21 
268 
57.26% 
200 
42.74% 
54 
J 1. 54% 
214 
45.73% 
162 
34.62% 
38 
08.12% 
\.0 
-.....! 
\.D 
00 
TABLE XIX 
Monthly Frequency of Palmer1s MDI Values January - December 1931 - 1969 
District 2506 East Central 
J F M A M J J A S 0 N D Total % 
8 
7 
6 1 1 2 00.43% 
5 1 1 1 1 1 1 2 1 9 01.92 39 
4 4 2 2 0 3 5 5 3 2 0 0 2 28 05.98 08.33% 
3 3 4 4 5 5 3 5 7 7 8 6 5 62 13.25 
2 7 8 9 9 6 5 3 4 5 8 8· 7 79 16.88 281 
I 6 5 2 2 5 8 8 6 6 4 5 6 63 13.46 60.04% 242 
.5 0 I 2 3 1 1 3 4 4 2 0 0 21 04.49 51. 71% 
0 1 0 2 5 2 4 2 0 1 0 I 1 17 03.63 
-0 3 1 I I 1 0 0 0 0 2 2 3 14 02.99 
-.5 2 2 1 3 2 I 0 2 1 I 3 2 20 04.27 
-I 4 7 8 4 5 2 3 2 2 3 3 4 47 10.04 131 
-2 2 2 1 3 3 4 4 1 2 1 2 0 25 05.34 187 27.99% 
-3 2 0 1 3 4 3 3 3 1 2 1 2 25 05.34 39.96% 
-4 4 5 5 2 2 2 1 4 4 4 4 5 42 08.97 
-5 1 1 1 2 1 2 2 2 1 13 02.78 56 
-6 1 1 00.21 11.97% 
-7 
-8 
J 
8 
7 
6 
5 
4 1 
3 4 
2 4 
1 3 
.5 I 
0 0 
-0 6 
-.5 8 
-1 4 
-2 2 
-3 6 
-4 
-5 
-6 
-7 
-8 
TABLE XX 
Monthly Frequency of Palmer's MOl Values January - December 1931 - 1969 
District 2507 Southwest 
F M A M J J A S 0 N D TQtal % 
1 1 00.21 
1 1 3 2 1 1 9 01.92 
1 1 1 1 1 3 5 3 1 4 1 23 04.91 
3 0 3 3 4 4 2 3 6 4 4 40 08.55 
5 8 5 6 6 3 5 5 3 0 2 52 11. 11 
2 3 3 3 5 6 2 4 0 3 3 37 07.90 
2 0 I 4 3 2 3 1 1 0 0 18 03.85 
1 3 5 3 1 0 2 2 1 2 2 22 04.70 
6 4 1 2 1 3 4 1 6 5 6 45 09.61 
5 3 6 3 3 3 2 1 4 5 6 49 10.47 
6 10 5 6 5 4 3 6 4 6 5 64 13.68 
2 3 7 3 3 2 3 4 3 2 3 37 07.91 
6 2 1 4 6 3 2 1 3 3 4 41 08.76 
2 1 1 1 4 3 4 3 4 2 25 05.34 
1 2 1 1 5 01.07 
./ 
202 
43. 16% 
266 
56.84% 
33 
07.05% 
169 
36. 11% 
236 
50.43% 
30 
06.41% 
\.0 
\.0 
-0 
0 
TABLE XXI 
Monthly Frequency of Palmer1s MDI Values January - December 1931 - 1969 
District 2508 South Central 
J F M A M J J A S 0 N D Total % 
8 
7 
6 2 3 1 6 01.28 
5 1 1 1 0 1 3 4 13 02.78 50 
4 2 2 3 3 2 1 6 7 4 1 0 0 31 06.62 10.68% 
3 1 2 2 2 3 7 4 4 4 6 3 3 41 08.76 
2 5 3 3 4 8 7 6 4 8 6 6 5 65 13.89 241 
1 5 6 7 5 3 2 2 3 1 1 4 4 43 09.19 51.50% 191 
.5 4 4 2 3 0 1 0 0 0 0 1 4 19 04.06 40.81% 
0 2 2 2 1 3 1 2 3 1 1 3 2 23 04.91 
-0 6 3 4 3 1 1 2 2 1 2 2 3 30 06.41 
-.5 1 5 4 5 4 3 1 1 3 1 2 1 31 06.62 
-1 5 3 4 4 6 5 4 5 6 7 6 5 60 12.82 185 
-2 1 2 2 3 2 3 2 1 2 2 1 1 22 04.70 39.53% 
-3 3 5 5 5 3 4 4 1 1 3 4 4 42 08.97 227 
-4 3 1 0 1 4 3 4 4 1 2 1 3 27 05.77 48.50% 
-5 1 1 2 5 3 2 14 02.99 42 
-6 1 1 00.21 08.97% 
-7 
-8 
TABLE XX I I 
Monthly Frequency of Palmer's MDI Values January - December 1931 - 1969 
District 2509 Southeast 
J F M A M J J A S 0 N D Total % 
8 
7 1 I 1 3 00.64 
6 I 1 1 0 0 0 1 1 5 01.07 34 
5 1 1 1 0 1 0 0 1 a 0 0 0 5 01.07 07.26% 
4 1 2 3 1 4 2 3 1 1 1 1 1 21 04.49 
3 5 4 4 4 1 4 6 6 8 8 5 6 61 13.03 237 
2 4 3 4 6 6 6 6 3 2 3 7 6 56 11. 97 50.64% 
1 6 6 4 4 5 6 3 5 4 4 3 3 53 11.32 203 
.5 a 2 2 1 I 1 0 3 3 1 1 1 16 03.43 43.38% 
a 2 1 2 1 1 0 3 1 2 1 a 3 17 03.63 
-0 4 4 4 3 2 0 0 1 1 2 3 3 27 05.77 
-.5 2 2 2 6 3 2 1 4 5 3 4 1 35 07.48 
-1 5 4 4 3 7 11 7 4 4 4 4 5 62 13.25 186 
-2 2 4 4 3 2 1 3 3 2 4 2 1 31 06.62 39.74% 
-3 3 3 2 3 3 1 3 2 1 2 4 4 31 06.62 231 
-4 2 2 2 2 1 3 1 2 2 3 3 3 26 05.56 49.36% 
-5 2 1 1 1 2 1 1 1 2 2 1 1 16 03.42 45 
-6 1 0 1 2 00.43 09.62% 
-7 1 1 00.21 
-8 
o 
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The largest percent, 12% in the East Central District lies in the 
eastern part of the state, while the smallest percentage, 4% in the 
Panhandle District is in the far west. Thus it may be concluded 
that the western part of the state (Panhandle) has the highest per-
centage of minus values (60%) but the lowest percentage of extreme 
drought values (4%); whereas the eastern segment of the state (East 
Central District) has the lowest percentage of minus values (40%) 
but the highest percentage of extreme drought values (12%). All 
other districts grade accordingly. 
The above conclusion is expanded and fortified by the use of a 
simple ratio which expresses a relationship between all minus values 
to the extreme drought values: 
Ratio = % of extreme drought values 
% of all minus values 
The computed ratios are as follows: 
District 
Panhandle 
North Central 
Northeas t 
Central 
East Central 
Southwes t 
South Central 
Southeast 
Ratio 
7 % 
10 % 
18 % 
19 % 
30 % 
11.28% 
18.49% 
19.49% 
This means that 7% of the minus values for the Panhandle District were 
extreme drought, whereas 30% of all minus values for the East Central 
District were extreme drought. The distribution of these values is de-
picted on Map G. 
PANHANDLE NORTH CENTRAL 
7 
MAP G 
SOUTHWEST 
II 
10 
CEIITRAL 
19 
18 
30 
SOUTH CENTRAL SOUTHEAST 
18 19 
Ratio Per District of Extreme Drought Values to all 
Minus Values, 1931-1969 
A listing of total monthly frequency values by district are pre-
sented in Table XXI I I. A statewide total of all districts reveals 
remarkable symmetry between positive and negative values. 
The simi larities are as follCMs: (1) 49% positive values 
versus 5% negative; 42Z from 0 to +3.99 and 43% from 0 to -3.99; and 
(3) 8% for? +4.00 and 8% for ~ - 4.00. 
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TABLE XXIII 
Total Monthly Frequency of Palmer's MOl Values for All Districts 
January - December 1931 - 1969 
01 02 03 05 06 07 08 09 Total % 
8 3 3 00.08 
7 5 1 3 9 00.24 
6 3 7 2 2 1 6 5 26 00.69 287 
5 7 9 4 13 9 9 13 5 69 01.84 07.67 
4 11 9 18 39 28 23 31 21 180 04.81 
3 35 30 48 36 62 40 41 61 353 09.43 1849 
2 35 40 56 65 79 52 65 56 448 11.97 49.39% 
1 47 40 59 66 63 37 43 53 408 10.90 1562 
.5 25 29 32 22 21 18 19 16 182 04.86 41.85 
0 27 22 18 25 17 22 23 17 171 04.57. 
-0 44 28 33 36 14 45 30 27 257 06.86 
-.5 62 59 32 31 20 49 31 35 319 08.52 
-1 70 83 49 32 47 64 60 62 467 12.47 1594 
-2 50 44 35 25 25 37 22 31 269 07. 18 42.57 
-3 34 35 36 38 25 41 42 31 282 07.53 
-4 21 19 28 19 42 25 27 26 207 05.53 1895 
-5 8 12 14 13' 5 14 16 82 02.19 50.61% 
-6 2 4 1 1 2 10 00.27 301 
-7 1 1 2 00.05 08.04 
-8 
Intensity-Time Analysis 
In an attempt to discern patterns of temporal fluctuation in 
moisture anomalies since 1931, the authors produced plots of drought 
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indices by district for the 39-year period (Graphs 1 through 3, pages 70-72). 
The three horizontal index lines on these graphs correspond to the 
following values on Palmer's MOl scale: (1) +4.00, (2) 0.00, and 
(3) -4.00. Analysis wi 11 consist of statements referring to simi-
larities of index values for all districts occurring at a given 
time. 
Four distinct time groupings were formulated by superimposing 
all curves on each other and subdividing it into time spans accord-
ing to arbitrary limits of intensity. The intensity for each is based 
on the following criteria: (1) some values within the group must be 
above +4.00 but none below -4.00, or (2) some values within the 
group must be below -4.00 but none above +4.00, and (3) the transition 
between groupings will be based on the 0.0 value of Palmer's MOl 
scale. 
Group 1:1931 to mid 1941 
All values in Group I are below +4.00 with numerous months 
below -4.00 on Palmer's scale. The period begins with great 
variabi lity for each district extending to 1934 when the indices 
for all districts plummeted below -4.00 with the Southeast dist-
rict recording the lowest value for the 39-year period, -7.41. 
This extreme drought condition lasted for a few months and then 
in early 1934 values rose with some going above 0.0 on the 
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scale. By 1936 all values decreased and fluctuated around 
-4.00 unti 1 late 1939 and early 1941. The Central District re-
corded the second lowest reading in 39 years of -7.03 on Palmer's 
scale. This group is characterized by: (1) extreme drought cen-
tered around mid 1934 and again in late 1939 to early 1940, 
(2) longest drought period of some 11 years, and (3) first and 
second lowest readings for a district from 1931 to 1969. 
Group I I:Mid 1941 to 1955 
In Group I I all districts experienced values above -4.00 
with numerous months above +4.00 on Palmer's scale. This group 
displays more variability than Group I but did have noticeable 
times when all the districts were concentrated around a given 
value. By late 1941 the districts had index values above 0.0 
with some above +4.00. This lasted until 1944 when most of the 
districts decreased in value until all districts were in incip-
ient to mild drought conditions. These values immediately in-
creased later in 1944 and displayed tremendous fluctuations unti 1 
late 1949 when the districts were mi ldly to extremely wet. A 
period of variability followed until 1951. All districts were 
severely to extremely wet from 1951 to 1953 with the highest 
recording (+8.62) occurring in the North Central District. After 
1953 the districts began an irregular decline in index magnitude 
until a low was reached in late 1956 and early 1957. This period 
can be characterized with districts experiencing (1) greater 
variabi lity than Group I, (2) concentration of values in (a) 
early 1944, mi ld drought, (b) late 1949, mi ld to severely wet, 
and (c) 1951 to 1953, wettest period for the 39-year record, and 
(3) longest time span of some 15 years with no values below -4.00. 
Group I I I :1955 to early 1957 
During this period all districts were below +4.00 with 
numerous months below -4.00 on Palmer's scale. This represented 
a short period of time, about one-and-a-half years, but the im-
pact in Nebraska was critical. Values declined from the wet 
peak in 1951 to a condition of severe to extreme drought in late 
1955 through early 1957. The lowest recorded value (-5.63) was 
computed for both the Northeast and Southeast Districts. Abruptly 
in early 1957 all districts immediately increased to end the 
period. This time group was (1) the shortest of all groups, 
(2) characterized by drought during its entire period, and 
(3) represented the third time when extremely low values were 
attained. 
Group IV: Early 1957 to end of 1969 
This period represented a time span when all values were 
above -4.00 with many months above +4.00 on Palmer's scale. 
Group IV had the greatest variabi lity of index values for 
almost any given time. But even within this period there were 
certain times when all districts were very simi lar. All 
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districts were wet in (a) 1958, (b) late 1962, (c) late 1965 
(second wettest for 39-year period), (d) late 1966, and (e) late 
1969. Although there were no real concentrations with all dist-
ricts experiencing drought, there were times when individual 
districts had mi ld to severe drought. This period can be 
characterized as (1) having the greatest variabitityofvalues 
at most given months, (2) representing the second largest time 
span of no values below -4.00, about 12 years, (3) one with 
numerous wet spells for all districts, and (4) having many 
mild droughts for individual districts. 
CORRESPONDENCE MAPPING 
OF STATISTICAL SURFACES 
In 1962 Arthur H. Robinson introduced a cartographic technique 
that portrays the statistical relationship between two mapped isarithmic 
surfaces. Regardless of whether or not the phenomena may be causally 
interconnected, the degree of correspondence expressed by the surficial 
character (elevation, gradient, direction of slope) of each map can 
be measured by computing areal coefficients of correlation. This 
statistical relationship for each areal unit can then be mapped by 
producing lines of correlation. 
Robinson demonstrates this procedure by comparing isarithmic 
maps of rural farm population density in 1930, 1940, and 1950 with 
average annual precipitation for the twenty year period preceding each 
of these dates, respectively. The area chosen for these comparative 
studies was the Great Plains. By reproducing the correspondence maps 
for three distinct periods, Robinson believes the persistence of any 
possible interrelationship could be derived. Also, variations ex-
plained only by chance or cartographic bias would be apparent. 
Theoretically then, the cartographic representation of the geographical 
variation of one phenomenon with another can be depicted by a derivative 
statistical surface. 
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The potential of this cartographic technique to geographic re-
search is significant because it permits an objective and quantitative 
interpretation of spatial correspondence patterns as they vary through 
time. A serious limitation of the procedure as conducted by Robinson 
is the formidable number of r value calculations necessary to produce 
a statistically significant correspondence map. For this reason, the 
authors have successfully attempted to portray the degree of corre-
lation between two statistical surfaces using a computer mapping 
routine which incorporates sub-routines to calculate r values of areal 
correlations. Uti lization of electronic computer techniques allows 
the cartographer to vary the size of the areal units or the number of 
r values until a reasonable representation can be obtained of the 
first, second, or third order elements, i.e., progressively smaller 
surficial undulations. 
Procedure for Correspondence Mapping 
The preparation of isocorrelatlon maps necessitates the generation 
of terrain models (statistical surfaces) which represent two isarithmic 
maps displaying continuous phenomena (precipitation and population 
density). The authors produced these models using a synagraphic com-
puter mapping technique (symap) developed at the Harvard Center for 
Environmental Design Studies, Cambridge, Massachusetts. Coefficients 
of correlation are then computed for matching areal units selected by 
a stratified random sampling. These coefficients (r) and/or percent 
dependency values (r2) are computer mapped with the symap program. 
Three dimensional isometric computer graphs of the models can also be 
projected facilitating easy recognition of undulations in the respective 
statistical surfaces. 
To illustrate these newly developed procedures the present authors 
have chosen to analyze the degree of correspondence between average 
annual precipitation and rural population density for the four drought 
decades 1891-1900~ 1911-1920, 1931-1940, and 1951-1960. The control 
points for the construction of the population density isarithmic maps 
were located in the geographic centers of the Nebraska counties. The 
selection of meteorological control points (stations) required a con-
tinuous record of data on average annual precipitation. Data were re-
corded and mapped in the counties peripherally adjacent to Nebraska to 
ensure valud interpolation along the state borders. The selection of 
weather stations was somewhat more limited during the first decade of 
study which was before most stations kept complete records for any long-
term period. The stations in western Nebraska were also fewer in number 
due to the sparsity of settlement in this area during the 1890's. 
A problem existed in computing rural population since no census 
prior to 1930 uti lized such a category. Thus, it was necessary to sub-
tract the "city populations" (2,500 or more inhabitants) from the ab-
solute total county populations to extract an approximation of the rural 
population for these years. After deriving the rural population figures 
the land area data for counties were used to compute rural population 
density. 
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Average Precipitation and Rural Population Density Maps 
The symaps and isometric projections of continuous precipitation 
data for Nebraska during the four "drought decades", 1891-1900, 1911-1920, 
1931-1940, and 1951-1960, illustrate the progressively drier precipi-
tation averages from the east and southeast of the state to the north-
west and west (Maps 40 - 47). It is readi ly apparent that the 1930's 
were drier than the 1890's and the 1950's were drier than the teens. 
Time patterns are dominated by an eastward movement of rainfall regimes 
across the state. 
The use of rural population density for the four decades of the 
study reduces the totals for certain counties with urban centers. 
This situation is especially evident on the map for 1891-1900, which 
portrays the frontier nature of Nebraska at the time. On the other 
hand, the 1930-1940 map depicts some rather high rural densities in 
those counties with large cities and towns. The high rural population 
of Scottsbluff County stands out from the lower densities of the 
surrounding counties. This differentiation in rural population is 
even greater for Douglas County despite the high population densities 
in adjacent counties. By 1940 some of these counties were so heavi ly 
populated that any rural population density would likely be high. All 
four rural population density symaps (isometric projections) seem to 
illustrate a similar pattern of distribution. Progressively lower rural 
population density figures are evident in eastern Nebraska outside the 
major urban agglomeration of Omaha from the teens to the 30's and the 
50's. This results at least in part from the natural migration out of 
rural areas to the cities except that physical as well as economic and 
social factors were obviously involved. 
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Isocorrelation Map Analysis 
Maps of correlation data produced for the Great Plains by Robinson 
reveal an interesting correspondence between the undulations on maps of 
average annual precipitation and rural population density. For each of 
the three time periods, an unbroken sinuous ridge of high positive corre-
lation passes through the central portion of the study area in a north-
south alignment. The correlation away from this prominent ridge or 
divide is consistently low positive to negative toward the eastern and 
western margins of the study area. 
Robinson felt that there were two salient characteristics of this 
prominent ridge which were of particular note--the unusual coincidence 
of its positions in all three periods of study and the apparent re-
lation to the semiarid-subhumid transition zone in the Great Plains. 
Robinson admits that whi le he has proven that a definite relationship 
exists between these chosen variables, the diagnosis is quite complex 
and open to conjecture, and he purposely sidesteps any in-depth 
analysis of the possible physical and cultural influences involved. 
The order of generalization necessitated by performing calcu-
lations for the enti re Great Plains resulted in an isarithmic 
correlation map with undulations of a very low magnitude. Only 12 
areal correlation coefficients were computed by Robinson for 
Nebraska. Each control point coefficient was obtained using the 
interpolated data for 16 unit areas. In the present study of 
Nebraska, the authors chose to generate 60 correspondence values 
(r), each calculated from 100 unit area addresses on the matched 
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terrain models. In adopting this size grid, it was assumed that the 
distribution of the rural population of each county was close to being 
continuous. This assumption may have led to the generation of a corre-
lation map with greater detail than the two maps used to prepare it. 
The four computer-generated isocorrelation maps of this study 
seem to bear out,to varying degrees, Robinson1s ridge of high positive 
correlation between average precipitation and rural population density, 
a ridge which was roughly coincident with the 100th meridian divide 
between dry and humid lands. The correlation map of the 1930 l s does 
show a rather significant diminishment in strength and an eastward 
shift of this ridge to approximately the 98th meridian. This may 
logically be the result of the severity of drought conditions during 
this period and the concomitant effects upon the rural population. 
Along this ridge, the terrain model for rainfall correlates posi-
tively with that of rural population density values. There is a general 
trend toward lower correlation values to the west. A tendency toward a 
high negative correlation area in the southwestern, west central (Sand-
hills area), and far western (1930 I s, 1950 l s) portions of the state 
may indicate, as Robinson hinted, that "average annual precipitation 
is sufficiently meager and ineffective as a locational factor to 
the extent that irrigation and other elements could well playa more 
important role" (1962, 425). Other pockets of high positive and 
high negative correlation on the four maps appear to exhibit randomness 
both areally and temporally. They do not persist from one drought 
decade to the next. 
The authors agree that it is difficult if not impossible to explain 
the many vicissitudes in the areal relationship between precipitation 
and rural population density. One must note, however, that both the 
area and contiguity of high positive correlation diminishes with 
each drought decade, thereby demonstrating the probably increasing 
effects of cultural influences, e.g., dry farming techniques, irri-
gation, and rural non-farm populations. Yet with sufficient reliable 
data, this cartographic technique could be used in the future to 
analyze the correspondence of multiple variables with a single 
isarithmic map. 
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TEMPORAL ANALYSIS OF DROUGHT 
Introduction 
"Methods of representing various phenomena of nature 
and speculation about their interrelationships are 
closely tied together. It is too often forgotten 
that geographical studies are not descriptions of 
the real world but rather perceptions passed through 
the double filter of the author's mind and his avail-
able tools of argument and representation. We cannot 
know reality; we can have only an abstract picture 
of aspects of it." (Curry, 1962,21) 
As recognized in the above quote, man, in seeking to describe 
reality, will see with eyes that have been jaundiced with past experience. 
His research methods or techniques many times are also biased or pre-
judicial. The seemingly infinite array of dissonant observations are 
necessarily digested and synthesized into an abstracted model repre-
senting a simplistic reality. 
Man's predilection for the search, detection, and evaluation of 
recurrent events (cycles) epitomizes the tenor of these statements. 
Many researchers in fact have gone beyond the descriptive use of this 
statistical science to formulate exact and definite laws in an attempt 
to explain "history". Shortly after the revolution in the Soviet 
Union, for instance, the Russian professor, A. L. Tchijevsky, synthe-
sized historical material into a morphological law of history. liThe 
course of the universal historical process is composed of an un-
interrupted sequence of cycles, occupying a period equaling in the 
average, eleven years and synchronizing in the degree of its 
military-political activity with the sunspot activity" (Tchijevsky, 
1971, 16). Obviously there are dubious deterministic ramifications 
with respect to the study of the influence of natural factors on the 
mass behavior of humanity. Simi larly, the search for cycles in that 
behavior leads to a form of temporal determinism using historical laws 
--that explain the past--to predict the future. 
Regardless of the raison d'etre, the multidisciplinary search 
for cycles has a long history. Cycle scientists have thus far de-
finitized or alleged 158 instances where diverse phenomena ex-
hibit cycles of approximately 9-10 years in length (Dewey, 1970, 
190-191). Meteorology ranks second only to economics in the number 
of alleged existing cycles. 
Cycles have been found with all degrees of periodicity, ampli-
tude, shape, timing and statistical significance. Since random events 
may be depicted as being cyclical merely as the result of the tech-
nique, tests for statistical significance are critical to cycle 
analysis. Many of these apparent cycles can now be statistically 
tested with the aid of electronic computers. After reviewing 
various of these techniques, Mitchell (1964, 195) concludes: 
"From the historical viewpoint if all cycle hunters 
had checked their results by these means, very few 
of thei r publications would ever have been written. 
Hasty and uncritical acceptance of the reality 
of evidence of cycles in climate has evidently 
been the source of more wasted effort in meteoro-
logy than any other kind of scientific misjudg-
ment. 11 
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Search for Cycles of Drought in Nebraska 
The search for cycles necessitates the collection of data over 
a time limit that includes several periods. Such data are not avail-
able for Nebraska. Palmer1s Meteorological Drought Index had not 
been computed for any climatic division or weather station in Nebraska 
prior to 1931. Precipitation records in Nebraska are not adequate to 
record accurately more than four sustained droughts. Prior to 1876, 
there were very few stations collecting rainfall. Swezey and Loveland 
(1896, 166) have listed the number of records available back to 1849: 
1849 to 1856, Fort Kearney 
1857, 1860, 1862, and 1863, two stations 
1864, Bellevue 
1858 and 1865, three stations 
1859, 1861, and 1866, four stations 
1867, five stations 
1868 and 1869, six stations 
1870, eight stations 
1872, nine stations 
1871 and 1873, eleven stations 
1874 and 1875, twelve stations 
The lack of continuous data collection at sufficient weather stations 
seriously impedes the statistical analysis of precipitation cycles. 
This necessitates a search for other Indicators of drought which 
would facilitate cyclical interpretation of moisture deficiency. 
Power Spectrum Analysis of Palmer1s Drought Index 
The problem of evaluating non-randomness in meteorological 
time series has led to the development of power spectrum analysis, 
a statistical procedure which measures an infinite number of all 
possible wavelengths possessed by a series of data. The mathemati-
cal description of the power spectrum with its limitations and 
tests of significance is reviewed by Mitchell, et. al. (1966). 
The absence of a continuous meteorological record of sufficient 
length does not permit the application of the power spectrum 
approach toward the search of drought cycles in Nebraska. However, 
lower spectrum analysis has been conducted using a series of 
Palmer's Meteorological Drought index summer values for St. Louis 
from 1840 to 1963. Conclusions drawn from this procedure show no 
justification for assuming the drought-index series to be anything 
but random except for a small rhythmic component of slightly 
more than two years (Mitchell, et. al., 1966,45). An analysis of 
total summer season precipitation at St. Louis verified these 
conclusions. 
Tree Rings as an Indicator of Drought 
Dendroclimatology offers a more realistic measurement of 
droughts in Nebraska's climatic past. The yearly increments of 
growth in trees have been found to be a function of heredity, 
environment, and age (Fritts, 1966,973). For over a century 
the relationship between climatic variables and tree ring width 
has been sought in this country. Many problems of analysis 
continue to complicate interpretive statements of climatic 
influence (Lawson, 1971, 110-112), but awareness of these pit-
falls can prevent erroneous conclusions. liTo summarize the 
current knowledge of the relationship between tree growth and 
precipitation, tree rings in the Trans-Mississippi West probably 
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reflect mostly moisture in the spring and early summer, with 
secondary importance placed on precipitation during late autumn 
and winter. Complications can upset this simple construct, e.g., 
extreme temperatures. Growth can be inhibited by a very cold 
winter as well as a hot (dry) summer" (Lawson, 1971, 112). 
The only dendroclimatological studies in Nebraska to date 
have been conducted in the lower North Platte valley with 
juniper trees (Weakly, 1943). Using teleconnexion techniques 
tree ring data are available for this region from 1480 to 1938. 
Weakly obtained correlation coefficients of .73 when measuring the 
relationship between standardized cross sectional areas of indivi-
dual rings and local annual precipitation. When tree ring values 
are related to annual average precipitation for the western 
climatic division, however, no significant correlation exists 
1 
(Figure 1). This lack of correlation might result from a 
growth lag in tree rings, which is influenced by storage of 
moisture in the soil. In an attempt to negate this possibility, 
the data were compared using five year moving t-test scores 
2 
calculated by Cramer's method (Mitchell, et. al., 1966,63-64). 
The plot of these scores suggests that periods of moisture de-
ficiency can generally be recognized by the low t-test values 
lUnti I 1957, Nebraska was divided Into three climatic 
divisions, western, central and eastern. 
2Cramer's t-test can be applied to determine if short term 
variations (e.g., five year periods) in the data exceed a value 
compatible with random deviation. 
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calculated from juniper tree ring widths (Figure 2). Assuming 
this relationship is true, a five year moving t-test plot could 
reveal a cyclical pattern of droughts in Nebraska, were one to 
exist (Figure 3). Visual inspection allows one to conclude 
that no ~ term drought cycle seems to manifest itself in 
Nebraska. Working directly with raw tree ring data, simi lar 
conclusions were derived by Weakly who recognized a considerable 
irregularity in the wavelength between alternate wet and dry 
periods (1943, 819). 
It is significant that droughts have had a frequent re-
currence in Nebraska, varying both in duration and intensity. 
While one might hesitate to predict the date of the next drought 
occurrence, a future drought is predictable. 
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THE IMPACT OF IRRIGATION ON 
FUTURE DROUGHTS IN NEBRASKA 
Challenges to the assertion that droughts are certain to recur on 
the Great Plains have been prevalent at least since 1844 when Josiah 
Gregg postulated that rainfall would increase as the march of civi liza-
tion spread westward across the prairie. In the century and a quarter 
since this idea first called attention to the concept that "rain follONs 
the plON,11 numerous theories have purported the eventual increase of 
precipitation resulting from such causes as prairie burning, rai 1 road 
noise, telegraph wires as well as the breaking of the sod. Many writers 
have reviewed the interesting history of these evolving notions of 
climatic change which culminated in the so-called IIMyth of the Garden 
(Kollmorgen, 1935; Smith, 1950; Malin, 1961; Emmons, 1971). 
FollONing the devastating drought of the 1890 1 s, the farmers of 
the frontier no longer gave credence to theories which had assured them 
of an abundant moisture regime and saw that the climatic challenge to 
agricultural survival on the plains necessitated the implementation of 
irrigation techniques in order to provide economic stabi lity in times 
of moisture inadequacy. Ironically, there is a possibility that these 
irrigation practices may ultimately bring about a degree of climatic 
stability. This final section wi 11 review the impact of irrigation 
on future droughts in Nebraska from both the economic and climatic 
viewpoints. 
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Development of Irrigation 
The development of irrigation systems in Nebraska has reflected the 
historic fluctuation of moisture conditions. Developing slowly at 
first, by uti lizing surficial stream diversion techniques, the implementa-
tion of irrigation systems accelerated tremendously during each ensuing 
period of drought. Associated with these times of agricultural stress 
were engineering and legislative developments that facilitated the 
tapping of ground water resources. 
Initially the western and central regions of the state irrigated 
using ground water supplies located close to the surface in valley 
alluvium. Then, the invention of the internal combustion engine, turbine 
pump and, most recently, the rotary self-propelled sprinkler system, made 
possible the utilization of aquifers several hundred feet below the 
surface. By January 1, 1971, there were 35,292 registered wells in 
Nebraska, irrigating over four million acres. Projections drafted by 
the Conservation and Survey Division of the University of Nebraska indi-
cate this acreage wi 11 reach five mi Ilion by 1975. This would repre-
sent a 100 percent increase in the last ten years, with approximately 
70 percent of this total acreage irrigated from ground water sources. 
The distribution of these wells as shown in Figure 4 still reflects 
a definite association with river basins, especially the Middle Platte 
although recently this distribution has become more ubiquitous throughout 
the interfluves. On the other hand, surface water irrigation is more 
restricted to the lowlands served by storage reservoirs or stream diversion 
systems. The North Platte, Middle Platte, and Republican River Basins 
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rank highest in surface water irrigation. 
Economic Effects of Irrigation 
The stability provided by irrigation to the agricultural segment of 
the state1s economy is impressively substantiated by the agricultural 
statistics. Today, approximately thirty percent of the total value of 
1 
crops are produced on irrigated land. 
A recent study conducted by the University Bureau of Business Re-
search measured the direct and indirect impact of irrigation on the 
economy of Nebraska for the year 1963 (Roesler, Lamphear, and Beveridge, 
1968). The total value of irrigated crop output in 1963 approached 
$193 mi Ilion, produced on 2.7 mi Ilion acres. Under dryland conditions, 
it was estimated that production would have yielded approximately 
$71 mi Ilion. This net difference of nearly $122 million (direct effect) 
was increased by the multiplier effect to a total economic gain of over 
$533 mi Ilion or almost $200 per acre. 
Consulting the monthly values of Meteorological Drought Index in 
1963, liS lightly wet" condi tions (1.00-1.99) prevai led throughout the 
growing season in both climatic districts. Under more adverse moisture 
conditions, one would expect an even greater relative contribution to the 
economy from irrigated lands. 
The stabilizing effect of irrigation can further be demonstrated by 
comparing the irrigated and non-irrigated crop yields of 1969 with those 
of 1970. Moisture conditions during the growing season of 1969 were 
lNebraska Department of Agriculture and Inspection. 
livery wet" (MDI) in the East Central and Southeast climatic districts. 
Irrigated corn production in these two districts were 74 and 36 million 
bushels, respectively. In 1970 accumulative precipitation was 82% of 
1 
normal (Apri 1 to August) for the East Central region. Although 
affected by "mild drought" (MDI), irrigated corn yields were 66 and 36 
mi Ilion bushels as compared with production figures of 40 and 17 mi Ilion 
bushels for non-irrigated corn. Nebraska's total non-irrigated corn 
production for 1969 was 181.5 mi Ilion bushels. The mi Idly dry con-
ditions of 1970 took a severe toll with production slipping to 114 
mi Ilion bushels. A total figure for irrigated corn is more than 
double this yield (253 mi Ilion) despite fewer acres planted. 
The reliability of the water supply to the economic stabi lity of 
the state is not to be contested. Approximately two bi 11 ion acre-feet 
of ground water is stored in the state's unique aquifer systems. The 
distribution and quality of this water varies considerably. The older 
formations of eastern and far western Nebraska provide neither the 
abundance nor the high quality of water found in the easily accessible 
Pleistocene sands and gravels of central Nebraska. In the central 
sandhi lIs area aquifers are estimated to yield over 80 feet of water 
with total dissolved solids concentrations less than 170 mill igrams per 
2 
1 i te r. 
lState Climatology Office, NOAA. 
2Conservation and Survey Division, University of Nebraska. 
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Limitations of Irrigation 
The development of this resource would have effects far greater than 
the obvious economic ramifications reviewed above. Significant ecologi-
cal changes are a potential threat in areas where the ground water 
table might fluctuate considerably. In portions of the Middle Platte, 
surface irrigation has caused the water table to rise as much as 90 
feet over the last 25 years. To the east of this area, counties in the 
Upper Big Blue River Basin are faced with falling water tables. An ex-
tended period of below normal precipitation might seriously deplete the 
stored ground water in this region. 
Climatic Effects of Irrigation 
In a report on Nebraska's State Water P.Jan released by the Nebraska 
Soil and Water Conservation Commission, it is estimated that "about 70 
percent, or 19,200,000 acres, of Nebraska's arable land is classified as 
suitable for irrigation" (1971, lIS). As only some 20 percent of this 
total is presently irrigated, what might be the meteorological effect of 
these irrigated fields on future droughts In Nebraska? The traditional 
ques t i on of whether lira info II ows the p I ow" is rep I aced by whether" ra In 
follows the pump". 
Citing the recent wet weather in the Great Plains, L. A. Joos con-
tends that the development of irrigation practices throughout this region 
has resulted in irrigation-augmented rainfall (1969) and recognizes three 
principal mechanisms altered by irrigated surfaces: 
IReglonal Climatologist, Central Region, Kansas City, Missouri. 
1. a lowered albedo which results in increased absorption of 
radiant energy for greater evaporation potential; 
2. a lower surface temperature which would reduce surface 
wind speeds; 
3. an increase in the actual evapotranspiration toward the 
potenti al rate. 
The latent heat of energy stored during the evaporation process 
is released within"updrafts thereby increasing the conditional instabi lity 
of the ai r mass. Joos hypothesizes therefore, that this added water 
vapor (10-15%) is more significant as a triggering mechanism than the 
actual increase in precipitable water. 
The validity of this and other theories of weather modification is 
difficult to assess. One can easily contest the statistical significance 
of increases in rainfall totals for the arbitrary 13 year period (1956-
1968) used by Joos. As demonstrated by t-test values for precipitation 
in Nebraska from 1876 to 1969 (Figure 5A), numerous periods of both 
"significantly" wet and dry periods have been recorded. One would be 
hard pressed to causally explain each of these fluctuations especially 
in terms of irrigation. 
Some studies continue to suggest, however, that man's inadvertent 
activity has produced substantial local climatic changes. In Argentina, 
Schwerdtfeger has hypothesized that the conversion of the pampas to 
crop land resulted in the increase of precipitation due to the increase 
of evapotranspiration (Flohn, 1961,278). Yet similar conclusions could 
not be made by Flohn after studying the relationship between precipitation 
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fluctuations and cultivated area in the north central plains of the United 
States (1961,279). He reasoned that "areas with high velocities and 
large vertical shear of winds" are not conducive to local alterations in 
the water balance. This argument is somewhat negated by Joos who con-
tends that air mass modification is predominantly restricted to the 
summer season when average air movements are below 10 knots (1969). 
With present scientific instrumentation, historical records and 
models of weather simulation the above hypotheses can neither be proven 
nor disproven. Only the passage of time wi 11 indicate whether "rain 
follows the pump." But the social and economic implications associated 
with potential increases in rainfall are of the magnitude that deserve 
substantial future investigation. 
141 
142 
SUMMARY 
Droughts of varying intensity and duration have been recurring at 
irregular intervals in Nebraska for at least the past 350 years. Because 
this occurrence has manifested a randomness except for a persistence 
factor, the authors have neither attempted to associate them with 
cyclical solar influences nor predict future periods of drought. 
In a spatial sense, without reference to drought intensity or duration, 
the number of years with drought decreases from the Panhandle eastward 
across the state. The western part of the state has the highest per-
centage of drought occurrence (60%) but the lowest percentage of ex-
treme drought values (4%); whereas the eastern segment of the state 
has the lowest percentage of minus values (40%) but the highest per-
centage of extreme drought values (12%). 
The impact of drought on rural settlement has diminished with 
each consecutive drought decade as measured by correspondence mapping 
of precipitation and rural population density. The probable explana-
tion lies in the growth of rural non-farm populations peripheral to 
urban centers and the development of irrigation, especially in the 
general region of high positive correspondence. These irrigation 
practices, particularly in regions of most frequent severe or extreme 
drought, are critical to the stabilization of Nebraska's agricultural 
economy. 
Future research should investigate problems such as (1) the po-
tential water supply risk during extended periods of moisture deficiency, 
(2) ecological stress in regions of ground water depletion and/or ex-
cessive water application, (3) perception of drought hazard by the 
various representatives of Nebraska's economic infrastructure and their 
adjustment to this hazard, (4) the relationship between drought occur-
rence and gully formation, and (5) the possible modification of climate 
by irrigation implementation. Historically, optimistic man has tended 
to forget that droughts are normal climatic events. The impact of future 
droughts wi II be less severe if we anticipate the problems associated 
with them. 
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